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Structures, Material

and Mechanisms Project

Fricilon stir welding and spun formed domes coutd grovide a highly refiable
and fow oosl manuwfacturing approach to manufacture iower mass tanks for

Structures, Materials,

Reduces Ares and Alfasir tank mags

. . ‘ . Ares b FYIS
Sh-1 F”;’“ZZ ﬁg;:\ézkgno?nzm Ares | Current stata of the art manufacturing cagabilities are exceeded in and Machanisms Funded mb:r '?f;f'?gqﬁ?f;:z:’zm :im:;g a Ares | Ares V. bander] AresV FYI3 Highty Desirabie
e ! ihis teutmology for Ares | anc will be substantially excasded by the Ares (SMM} Project gnally Imp sy Altair FY13
X . cost
corg stage lanks. Completion is required by Ares 1 CDR
Lightweight Orion parachute materials are required for fe-entry of the unar
Crien Command Module. Lightweight Nylon broaddloth for skirt o shoulder | Struetures, Materials, Reduces mass of Orion parachute
SMM-2 CEV Parachute Materials region of main caropies and M5 fiber-baged fabrics for structural grids are and Mechanisms Funded and/or enables landing of heavier Orion CM CGrion FY13 Highly Desirable
deswad. M5 is a novel fiber with a lenacity tstrength-to-weight ratio} {SMM) Project Orton CM.
approximately twice that of currently avaitable fibers
Structuros, Matarials, Reduces mass of Allair struciure
Structural approaches and techniques are required for the fabrication of and Mechanisms Stowin incre:;sse g aE ioba dto (h;
SMM-3 | Composite Stnat Technology | tightweight composite struts {including end fittings) for apphication to Altair {SMM) Project and Funded su?face andfo:}e:abkin Lansier Altair Y13 Critical
primary structure Advanced Composite . &
) architecture closura.
Tachnotogies Project
Newod mechanical and drive controf efectronic systems that can operate in . A .
Shi4 Lerg-.ife, Low Temperature | and out of low-temperature (40K} environments and up to five years without Si;u:;u;::c,hhjzi;ils‘ Funded ;lzg:;eore;i?::'ngiiE{?Dz;g A Surface Syster Surfsce Systems Hinily Desirasl
Mechanical Systems criticat fafures. This includes motors, actuators, gearboxes, position/speed . ¥ P 4 & TTAGE Y ® Fy14 Ay rasle
. . {8MM) Project {unar nighit
sensars and distibuted afectronics
Reduces mass of structure,
. . Need alternative technologies to fused silica and aluminosiicate windows. Sfructures, Materials, . aliawing increased payload to the Orion, Habitat, Lander, Qrion FY13
Lightweight High-Strength k ! Funded surface and or enabling : N Altair FY13 . )
SM-5 . Nead windows that are fightweight ang resistant 1o MMOD damage and and Mechanisms . Small Pressurized Highly Desirable
Window Materialz rovide sorme leval of radiation shieldin (SMM) Prajest Outyears architecture closure. Improve crew Raver Surfare Systems
P ’ ) g ARk safety from MMOD impact and FY14
radialion.
A wide range metallic, compesite, and inflatable materials have potential for
being used on the Lunar surface. However tie short-term exposure effects, Impreve refiability and life of
Long-Term Durabitity and long term durability and end-of-tife properties must bs established for the surface system struciures, therehy
. Damags Tolerance for lunar environment inchuding: vacuum, thermal cycling, thermatl extremes, ETDP is not funding improving crew safety and redicing i Surface Systems .
Snat-6 Metaffic, Compuosite, and radistion exposure_ dust exposure and micre-meteorcid exposure. Minimum | this activity at this time. Unfunded the nead for logistics. Could also All Surface Systerms Fy14 Critical
inftatable Structures gage and residual strength must also be established for the various reduce mass marging required by
materialstructural systems and appfications for the relevant theeat reduciig uncerainty
environmernts
Shell buckling rating factors are based on studies from over 40 years ago. Raducing Licertainty in knock
) Substantial improvements have been made in materials and manufacturing | ETDP is not funding < A ) Ares | FY(9 A
SM-T Shel Buckling . . ) Unfunded down factors will enable lower Ares | Ares V N Criticat
processes which warrants a new baseiine be defined for structural knock i this activity at this time Aras V Y13
mass structires
down factors.
fnatting designars to batter modet All architecture Orion FY13
i . ’ icro- d i 5 )
SMI-B LmaykMeieom'd Ejec'!a A new lunar metecroid gjecta anvironment mgdei must be developed for use ¢ ETDP s not fufsdmg Unfunded the elxpected ailvie rﬁeteoruw stements excent Ares | Adtar FY13 Highly Desirable
Enviroriment Medet by lunar systems designers this aclivity at this time. anvironment could kmprove Surface Sysiems
. ahd V.
refiabifity and redute mass margin. FY14

Technology
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Ares Fand Ares V require improvement in separation systems to reducs nisk
of separation failures. Failure of a single separation mofor can ead 1o
racontact between stages. (3as struts have been determined to be a

Could provide slightly higher level

AC-1

Advanced Composites Project. .~

Composite Damage
ToleranceDetection

for scalabifity in uses requiring operation over large temperature ranges

Ares V concept definition has identified compaosite struciures for the shroud,
EDS, EDS cryogenic tanks, intersfages, and SRM cases, SRB frustums, ard

skirls to significantly reduce launch vehicle mass. Damage entification
during pre-launch servicing and in-flight failure detection is required for safe
and retiable vehicle operation. EDS will mate and operate with Orion making
the EDS a human rated element. Therefore, failure detection for aborts is
necessary. ldentification includes recognition of damage and looation of
damage. NDE technigues are sought for all composite components including
ergine nozzles. Needed by Ares | CBR.

Advanced Composite
Technologies Projact

Funded

improves crew safety and ratiabitity
thraugh detaction of potentiat
tailures prior to faunch and i flight.

Ares |, Args V, Lander

o . ETDP is not funding ) Arest FY09 .
SMM-G 1 Ges Slrut Separation System techrclogy that can provide needad risk improvement The technology this activity at this time Unfinded Utf reéigﬁ:ig é;;mas? redu(,cl;:m Arss | and Ares V Aras Y FY13 Desirable
needs (¢ be proviged with extended range for the long nozzles used on Ares & paration approaches.
vehicles, Required by Ares V PDR
Constellation system design and requirements verification for successful
cperation in surface charging environments (radistion belts, funar obit, lunar Enabling designers (o better model
surface} will ikely utilize the aerospace industry slandard NASA and Air vehrc;e iutfac;qe char;ng ml.ﬁﬂz :} Al architecture Orion FY13
F i alygis ¥ ‘he ¢ i =TDR . ' i
SMM-10 NASCAP Lunar Update oreé Charging Analysis Crogram {NASCAE.J) he clurrem version of the {:1 s not funding Unfunded the ftocal radiation environment | elements except Ares 1] | Altair FY13 Highly Desirabie
code supports analysis in low Earth orbit, geostationary orbit, and this activity at this time. L - Surface Systems
. . . could improve reliability and reduce. and V' -
interplanatary {solar wind} snvironmants.  Updates of the code are required ESS main Fy1t4
to conduct analyses in the magnetosheath and magnetotail environmanis g
where studies have shown severs charging conditions can otaur
Design and verification that Consteliation funar architecture {Orion, Altair, Enabling designars to befler mordet
LSS, EVA) meet spacecraft charging requirements will require tools for g & " mode . Orian FY13
; N o F— vahiche surface charging refated to Al architecturs
a1 Lunar Macroscale Plasma evaluyating the plasma environments in the lunar wake when the Maon is in ETDP is net funding Unfundied thie focal plasma environment could) slements axcest Ares | Altair FY13 Desirapt
Modei the solar wind, magnetosheath. aryd the Earth's magnetstall.  The model alsoj this activity at this time It a &nv Siemants Bxoept Ales Surface Systems esirale
) R ; o~ improve reliability and reduce mass and V
provides the inplis to the microscale plesma models for evaluating charging avargin Fyi4
conditions on the lunar surface g
No NASA standard ol s&i exists for conducting internat {deep dislectric,
Buik) charging anatyses of systems exposed 1o energetic electrons Enabiing designers 1o batter model Orion EY43
. Consteliation systems {Orion. Altair, EVA, LSS) wili be exposed 1o thess . vehicle intermal charging refated to All architecture o
Radiation Charging Analysis . X ; ' N -~ o . EYDP is not funding Altair FY13 .
Sh-12 " envirgriments during transh of the Earth's radiation betts, while in lunar orbit ) - . Unfunded the Iscal radiation or plasma alemants excapt Aras | Highty Desirable
Tool (RCAT) ) . 1this aclivity at this time Surface Systams
and on the tunar surface. A loo} s required for evaluating ebectric fiefds efwiyenment could improve and V. Fy14
generated by charge densities acocumulating in insulating materials when reliability and reduce mass margin.
axposed to charging envireruvients
Currerd state-of-tha-art for the fabrication of conically sheped CM-like .
) f . Reducing number of weids and
Singie-Piace Grion GA structures 1s welded, nveted construction. By using innovative, near net ETDP i not funding rivels woule decrease system mass
Shihd-13 . shaps fabrication methods, single plece conically structures can be preduced]| . Unfunded o Drion Orion FY13 Desirabie
Corical Structure R L L this activity at this time and possibly improve refiability and
wiich sfiminates or minimizes welds and rivets thereby increasing safely safet
margins and refiability Y
Actuator and molor wesghi savings could be reafized by using alternative Reducing acuator and motor . Orion FY43
. . matedals such as ttanium or ceramics for gearboxes and other motor . . All architecture -
Lightweight Motors and i o X ETDP is not funding ) component weights could lead to N Adtair Y13
Shi-14 components. Brushiless DC dise motors may also provide weight reductions - . . Unfunded . alements excapt Ares | o Desirabie
Actuators o N . . this activity at this time significant architeciure weight Surface Systems
by eltminating or minimizing gearbox requiremants, as well as having benefits savings and V. £¥14

Ares | FYQY
Ares V' FY13
Alair FY13

Highly Desirable

Technoiogy
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Technology

Ares | is planning lo use composites for dry slructure. Ares V concept
gafinition has identified composite structures for the shroud, EDS, FDS
Compasite Joinin cryogenic tanks, interstages, and SRM cases, 8RB frustums, and skirs to Advanced Composits Reduces structural mass through Ares | FYOD
AC-2Z Tp?;nolo g significantly reduce launch vehicle mass. Joining of composites to metat Fachnologies P?o‘sct Furded anabling the efficient intagration of | Ares |, Ares V| Lander Ares WV FY13 Highly Dasirable
@ 9y fittings is eritical for refizble implementation of composites structures. s d metallic and composite structures Altair TY13
Tachnigues are needed to address large diameter dry structures and solid
rocket motor cases. Required by Ares | CBR/Mres V PDR
Ares V concept definition has identified composite structures for the shroud,
EDS, £D3 cryogenic tanks, interstages, and SRM cases, SRB frustums, and
skirls to significantly reducs launch vehicle mass. ArasVwillhave a 10m .
" . . ) . Significanty reducas Ares v
diameter which exceeds cusrent SOA composite manufacturing capabiiities structural mass by enabling largs
i p - d i 4 acture si : §
ACS Large Composite Resea{.ch and temnoiogy“ evelopment s requirad in the manufacture of Advanced Compoane Funded scale manufacturing of termeter- Ares Ares V EY13 Criticat
Manufacturing farge scale composite structures including dry structures, SRM cases, and | Technologies Project .
) 5 diameter composite structures for
E£S cryogenic tanks. Solutions are nestded in nen-autociave fabrication for shrouds, iterstages and skir
farge structuras as well 28 solutions for leak-free cryogenic tanks with nielsag #
reduced micro-cracking io oryopenic hydrogen tanks, Reguired by Ares
PDR
. Reduces mass of structure
. . : fi ssurired h t L >
Lightweight, Impact-Resistant Use of compositas for un}}reasur\ue structums"lot @ mEximum extent sliowing increased payload to the sabitat, Smal Attair £¥13
feasible. Possibie use of composites for pressurized structures. Integrate Advanced Camposie - N . X
AC-4 Materials and Structures for . N . . Funged sutface andfor enabling Pressurizad Rover, | Surface Systems Critical
. MBMOD shieiding appreaches. Davelop composite fightweight propeliant Technologies Project
Habitapfe Systems . ! ! X architecture cioswe. Improve crew Lander FY14
tanks and dewar technoicgies. Establish minimum gage requiraments .
satety from MMOD impact
Structural approachss and technigues are required for the fabrication of Advanced Composite :;ﬁz‘;ﬁ;ﬁ:}jﬁf :g:;j;;z‘fgﬁe‘
& . . . o « finelud o o B _ site - > 2 o .
AGC-S Compesite Strut Technology | fightweight composite struts (including end fittings) for application 1o Altair Yechnolagies Project Funded sustace andlor anabling Lander Altair FY13 Highiy Desiraiie
prismary structure,
grchiectura closure
Technologies are desired for the validation of design and fabrication
technigues for lightweight crewed composite pressure vessels {for the Altair Could significantly reduce mass of . . Orinn FY13
Crawad Composite Prassure ) : - ) Cilon, Altair, Small
. | ascent module and airlock structures) Chatlenges to be addressed include | £TDP s not funding Altalr structure, allowing increased . . Altair FY13 .
AC-6  (Vessel Design and Validation Unfunded Pressurized Rover, Highty Desirable
o damage tolerance, leak prevention, protection against MMOD, and this activity at this time, payload to the surface andfor ! Surface Systems
Techrologies ) Y - Habitat
maintairing structural integrity in the presence of very targe launch and enabiing architecture closure Fyt4
tandging loads
§ . Reduces craw risik and chance for
ifi i { I s, d - o i
Certified! In-Sit; Repair For fang ter survwgb: ity on p|anegary gudaces methods are feed o repair Advanced Habitation mission abort. Decreases logistics ] All Surface Systems. | Surface Systems "
A1 Techniques for Habitat fiotes and bresches in exterior and interior habdat structures. The most likely ) Funded ) Critical
. Project mass resupply renuiremesnts by Fbut focused on Habitat, Fyt4
Structures repair scenaric will be for simat! holes or cracks. . !
increasing system life
Inflatable shells have the potential for very efficient packaging on the launch | Structures, Materials,
. . vehicle and reducing habitat mass. Packaging concepts, that include internal and Mechanisms Altow more efficient packaging of .
) N e > .
AH-Z E“iﬁ:xzﬁmg?ﬁfﬂe outfitting must be developed, as well as efficient means for deploying the {SMM) andfor Funded habitat within payload shroud. May Habitat Sur "srf\{?ismms Desiratile
@ raniats hatitat . Very low permeability bladder materials must be developed that Advanced Habitation reduce mass
does not become unacceptaily brilile at low temperatures. Project
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oo Brief Desoription of Capability Need - °
MNeed capability to protect the cutpost crew for at least & months from Enabl o 51 Vfeast &
axceeding current standards for radiation dosage on the lunar surface :r::::ih: ;:“;5 2 Ztatij e;as |
Currant technology requires many layers of heavy shielding structure. Thera Advanced Radiation si n‘»ﬂcam&mi educe m‘;i:c’f Hapitat, Smatt Adtair F¥13
ARP-t | Radiation Shiefding Systems| are multiple approgches to address this issue (2.g., materials, waler, safe Protection Projact Fundsd radgat‘ hykf o {.’e ¥ dCL Pressurized Rover, | Surface Systems Criticat
haven, habitat design). Need highly reliable reduced-weight multifunctional Har Fropsc o i :n ® Ee%a' Sofq;{re ‘t% Lander FY14
struciures and blankets Fixed or portable safe havens coutd supplemant uppon crew sz atieas
habitat shielding monns.
Ablative TPS Technology Development Project
Improve the safety/reliability of
Crien heat shield by wrapping the
Rebustness Options for For Orion lunar return missions, more robust TPS/Meat shisid solutions in PICA blocks on five-sides with
ATPSA Crion Bassline PICA Heat terms of damage tolerance, increased reliability and reduced mass are Atlative TPS Project Funded sifica-phenolic. Improve neat Orion CM Orian FY13 Highly Desirable
Shietd required stield mass through integration of
7 high-performance insulatar
beneath a thirner layer of PICA
) Raduce the mass and improve the
. . ) fety and reliability of the Grion
Robust Ablative Heat Shigld | A robust, scalable heat shisld TPS architecture 15 required that can be iy ey
ATPS-2 Arcivteciure ¥ ® for melliple mesions au used Apfative TPS Projact funded heat shieid through the uss of Drion O Oran FY13 Highiy Desirable
’ ; - cuired ablative TP biccks bonded
0 & struttural honeycomb latlice
Oesign, testing and analysis of FICA carrier struciurs/ablator alfernate limgrove the satety and reliability of
e . ) tonding system designs are reqiired as a possible biotk upgrade to Oran rpeevE e Salaty and revaniiity o
" A stern 5 . ; : .
ATES-3 R 80:{; ﬁ ;ﬁ;{ in‘ £sian for improved safety. Testing and analysis of PICA carrier struchura/ablalor Ablative TPS Project Funded {Jrfotn h{eat s:ueld D;f de; \gr{\;‘ﬂg and Orion OM Orion FY13 Desirable
g bending system {o improve the understanding of the design margin in reafistic estng ;: te;na WS‘ aneing
anvirormmental conditions is neaded echniguUes
Inspaction capability is needed for micromatesrold orbital debris (MMOD) Iinprove human safety by detacking OQO"‘“??)"‘ aifh;“;gh
Free Flying inspection demage to Orion exterior using & remotely sontrollad free-flying inspection ETOR is not funding oV ."u e v o o . @ usaalo ; ;
ATRS-4 System for Grion TES system, which provides fult voverage (as compared to the limited coverage of | this aclivily at this time Unfurded writicat issues wr‘th Orion TPS or | inspect EDS, Laﬁde{ Drion £Y33 Highiy Desiratle
fixed exteenal cameras) structurn prior 10 entry. and Orion M prior
’ TL or during sission
The current state of the art in TPS design igneres coupling between ablation Red the mass and in the
Coupling of Aerothermal and products, boundary layer gases, and shock layer radiation, leading lo eaf::: eaﬁ d r;}{ azmt afﬂgﬁ:)gi an
ATPS-5 TPS Materiat Response potentiat mis-prediction of Right performance and degraded margin. Tools | Ablative TPS Project Funded & h'eit shie}dithz—ouy h Ih; %e} Crion CM Orion FY13 Highly Desirshie
Tools that enable conservative and accurale prediction of the flight eswironment, - rolve o desian tc:f} int:?‘ [émﬂ
TPS response, and thair interaction are required R 9 ey
Improved tools are reguired for the prediction of heat transfer for lunar refurn
N o § -, .
Improved Current radiative heat transfer modsls rely cn Frany simplifying assumpticns Reduce the mass and improve the
Agrothermodynami which, when taken as a wholo. overly penalize the TPS mass. Current ETDP is not fundin safety and reliability of the Oricn
ATPSG . Y © convective heating turbulence models are empirically based and are ofternt N L e Unftinded i ¥ o Orion CM Crion FY13 Highiy Desirable
Modeling for Dalsbase . X : ) X this activity at this time heat shieid trough the use
X dasigned for flow regimes which are not directly appficable fo the Orion ) . )
Gereration Tools . By . ) improved design too! integration
environment. These two environments fradiation and convactive heating}
make up the bulk of the margin in the agrothermodynamic design,
, . X Raduce the mass and improve the
The basic process for simulation of are-jet tests i2 ad-hoo and based en . . ;
{ntegrated Aerothermal/TPS e s fis ETDR is not funding safety and reliabifity of the Crion e .
ATPS.7 Araiysis of Arc Jet Testing physical models developed for fignt wmgh may be_\ﬁapprcpnate for grownd this activity at this time Unfunded heat shield hrough improved tool Orion CM Crion FY13 Desirable
tast environments. improved validation of anafysis tools is required. N
validation for arcjet testing

Technology
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Dhi-1

High Temperature
Compostes for CEV Crew
Module Backsheft

janagement Pro

DustRegolith Mitigation

Techniques

Bavelop high temperature composites like Graphite BMI or Graghite
Polyimidies for Orion UM backsheli panefs and attach flanges o allow higher
temparature bondfines (»500F), thereby saving TPS mass

Approaches to prevent ragolithidust from antering habitable volumes from
suits and instrumesds are required. A reliable system for collecting and
removing regolith/dust from the habitat is also required.  Extensive exposure
to lunar dust can lead to respiratory problems. Need dust characlerization
and sstablishment of human health standards. Dust-proof connectors,
filtering systems, slaclkrostatic cirizins and wands, and compressed gas
systems are example technoiapies that need o ba developsd
Sensorfmonitor of dust levels within the airlock and methods for dust removal

{e.g., electrostatic methods, nitrogen air shower) are required

ETDP iy not funding
this activity at this time

flust Management
Project

Unfunded

Funded

Reduce the mass of the Orion
structure, thereby providing
additionat labnch mass margin or
paytord capability

Improve crew health and safety,
increase crew funclionality, and
reduce mechanical maintenance
issues through pravention of dust
entering habitable areas and
improved approaches for detesting
and remaoving dust.

COrion Cht

Habitat, Smalt
Pressurized Rover,

Lander, EVA Systems

Orion FY12

Altair FY13
Surface Systems
Fyi4
FVA Systems
Fy1d

Highly Desirable

Criticaf

DM-2

Bust Contred and Removal of

Alrborne Dust

Technologies are nesded to remove airborne dust {down 1o the submicron
range;) from cabin atmospheres without incurring high expendabile filter media
resupply burdens.

Dust Manasgement and
Exploration Life
Support Projects

Funded

improve crew health and safety
increase crew functionality, and
reduce mechurical maintenance
issues through prevantion of dust
entering habiiable areas and
improved approaches for detecting
and removing dust

Habitat, Small
Pressurized Rover,
Lander

Altair FY13
Surface Systems
FYt1d

Criticat

DiM-3

Lunar Regolith and Dust
Simulant Developmeant
Evalugtion, and Production

For alf surface systems, especialty [SRU, accurate funar regelith physical and
chermical simulants are required to develop and test hardware. Recent
testing comparning J8C-1 to actuat lunar roaterial showed drastic differences
in performancs which would have caused hardware failure to occur under
luriar ission conditions, This is espscially important with ro robotic
precurser missions planned.

Cust Managernent
Project

Partiatly
Funded

Enables the simidation of lunar
dust gmvironment oh Earth o test
dust mitigation technologies and

effects of dust on critical
mechanisms

All Surface Systams

Surface Systems
Fy14

Critical

D4

Dust Mitigation of PV Array
Gimbals and Mechanical

Cumponents

Gimbal and drive machanisms for PV arrays {and other systems) are reguired
with long operational life in the lunar dust environment

Dust Management
Project

Funded

Increase operational fife and
performance of PV array and other
mechanisms. improved life will
reduce mass of logistics resupply
reguirad

Power Systems, and
potentially othar
surface systems.

Surfzce Systams
Fy14

Critical

-5

Dwst Mitigation for Thermal
Control Systems

Performance degradation assessments and dust mitigation approaches are
needed for radiators and thermal control systems

Dust Management and
Tharmal Control
Systems Projects

Funded

increase operational e and
performance of thermal condrol
systems. Improved fife will retuce
mass of logistics resupply reguired

All Surface Systems

Surface Systems
FY14

Criticat

DM-6

Material Coatings for Dust

Mitigation

Coatings that can be applied to or integrated with various materials that make
them resistant to sharp lunar dust and its tendency to ding to the materials
Research and test oplions to provide resistance to funar dust darmage and
clinging. Examine potential use of nano-evel technologies . Potential
applications include IVA/EVA clothing, iteral and external structural
surfaces, and machanical equipmentiteels

Dust Management
Project

Funded

improve crew health and safety
increase crew functonality, and
reduce mechanical maintenance
issties through prevention of dust
entering habitable areas

All Surface Systems

Surface Systems
FY14

Criticat

Dust-Tolerant EVA-
Compatible Cornectors

Oust tolerant EVA-compatible fluld connaciors are required for recharging of
filds when connecled o a sutport of suitlock. This capability enables a

shorler duration life support system resulting in mass savings

Pust Management
Project

Technalogy

Funded

Improve crew EVA safety ang
productivity

EVA Systsrms

EVA Systems
FY13

Highly Desirable
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High Reliabltity LOXIL H2

High reliability fiquid oxygen, liquid hydrogen propulsion is required for the
Altalr descent module to enabls architecture closure. The descent engine

Improve crew safely and raliabiity,
reduca mass and improve

Leng-Terms On-Orbit

gement Project|

existing herilage OMS enging is proposed

The Earth Departure $tage {EDS) may e required (o loiter up to 14 days to

Cryagenic Fiuid

margin,

Reduce or eliminaie boil-off of

- must be highly reliable and safe, while proviging the raguired throttla for funar . performance to enable architecture -
FCAD- Throttling Engine braking, descent, and landing. Technology development is required to PCAD Project Furnded closure. Erable deep throtlling to Lander Aftair FY13 Critical
reduce programmatic risk associated with the lunar lander fight engine provige more designilanding
cavelopment. flexibility.
Techriology development is required lo demonstrale key performance and Reduce mass and improve
refiability characteristics for LO2/LCH4 main engine and reaction conhirol performancs to significantly aid in
LORILCHA Main Engine and | system engines, including ignition reliability and main engine performancs - architecturs closure. Provide "
PeAD-2 Auxiliary Propufsion Systems| Specifically, the main engine and RCS thrusters must demonsirate durability PCAL Project Funded technofogy risk reduction for future tander Adtair £Y13 Fiighly Desirabfe
aryd reliability for full mession duration in representative ervironment and Mars missions and propefiant
Healy off-nominaf propellant conditions and mission nesds 1SRU
HTPB provides significant
I order to improve performance marging to meet launch mass requirements improvesnents in Ares V payload
for Ares V, HTPB propeliant must be matured for application in human ratad ETHA is not fundin mass to orbil, enabling architecture Ares | FY09 Criticat advanced
PCAD-3 HTPB Propsliant launch systems. Mixture uniformity must e understood and burn rats 1his activity &t this “nge Unfunded closure. Could improve Ares V| possibly Ares | A resv FY{E development and
diffargntials between balches must be undersiood for the twin boosier Ares V ¥ . performance of Ares | if fugh res anaiysis task
Required by Ares V PDR dynamic pressuras can be
accommodated
HTFB provides significant
HTPE propaliants put a much higher hieat flux on the $RB nozzle. Research m@;f?:zxf?;:ﬁ :;;cﬁ?;;a;e Critical advanced
. . . is necessary to characterize and develop nozzle materials and assembly ETOR is not funding o j e Aras i FY0B o hoe
PCAD-4 HTPE SRB Nozzies techniques which can operate refiably in the higher heat ux. Reguired by 1 this activity at this tima Unfunded closure. Could improve FRe V. possibly Ares | Ares V FY13 development ang
parformance of Ares | if high armalysis task.
Aras V POR
dynamic pressures can be
] accommodated
won-toxic TVC actuation systems are desired to reduce the probability of
Nen-Toxlc TWC Actuation eXPOSing ground crew (o toxic hydrazine and save ground operations costs ETOP is not funding tmprove ground operations safety L Arest FYDS .
PCAD-5 Systems Maturation of Efectro-Hydraulic Actustor (EHA) technology is required this activity at this time, Unfunded and cost Aves band ¥ Ares W FY13 Highly Desirabls
Reguired by Ares V POR .
Demenstration of non-toxic monopropellant propulsion system for Crion CM
High Perfermance, Non- . N - ) : . .
RCS is desired. Foous should be on candidates thal provide increased ETDF is not funding Improve ground operations safety . .
PCAD-G Toxic Monopropsliant for . ) Unfunded T Orion CM Qrion FY13 Desirable
Grion CM RCS performance, tower mass and powsr, reusabifity and reduced ground ops | this activity at this time and cost. May increase mass
irpacts
Higk reliability propellant control vaive actuators and tirust veclor control
. ) actuators with Jow specific power reguiremerts are neaded to meet Altair .
. . 5 fi b
PCAL-7 High R%abmty Power controt and mass constraints. The Altair functional requirsments and ETDP s not funding Unfundad Fmprove refiabibty and raduce Lander Altair FY13 {lesirable
Effictent Actuators . 3 . this activity at this time power of propeliant actuatirs
anvironments are outside the experience base, and technology developient
is needed o assure low devefopment risk
Compoesita nezzies can offer reduced mass and higher resistance to Sigrificantly reduce nozzle mass
Orion SM Main Engine catastrophic failure Trom MMOD impact relative to metafiic nozzies. A not-fire | £TDP is not funding : . )
K - ) ) . L § i ja S 1 8
POAD-8 Composite Nozzle tast of & Srecma-provided Guipex carbon-carbon nozzle extension with an Jthis activity gt this time Urfusded adding much nesded lausch mass Orion &M Orion FY13 Highly Desirable

Project

Required by Ares V PDR,

raquirements, thereby improving
performance

support Orien rendezvous and Trans-Lunar Injection (TLY). Cryogenic Fluid - cryagenic propeftant thereby . AresV FY13 .
CEM Cryogenic Storage Management techniques to maintain the cryogenic fuel and oxidizer for the Manag;manft{(fm) Funded enabling architecture closure and EUS, Lander Altair FY13 Critical
TE burn I8 required for mission success. Required by Ares V PDR. e IMproving mission success
Improved liquid fevel measurements are necessary for on-orbit eryagenic Higher certainty tn amount of
flutd management and state determination functions. The EDS tanks will be Cryogenic Fluig propeliant remaining reduces AresV EYI3 )
CFM-2 Liguid Leve! Measurement | approximataly 50% fuil and must be maintained during loifer. Tachnigues to | Management (CFM) Funded prepaliant mass margin EDS, Lander Al;air EYis Desirable
measure liguid levels in these conditions must be defined and demeonstrated.

Technolegy
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ieaks are g major concern for both on-orbit cryegenic fluid maintenance and
for sbort detaction. Leak detection is not currently rehable, and technigues . . )
. " Cryogenic Flaid improve safety and reliability Ares | FYDS
1 3 H actad . & | S, N
CFM-3 Leak Detection which oan operaterﬁmi‘n a.x.mch pad to orbit are necessary Small, undetecte Management {CFM) Funded through knowledge of and Ares | and V. EDS ArosV FY13 Highly Desirabis
leaks can result in significant fluid losses resulting in falure of the EDS to Preisct efimination of leakage Soue {ander At FY13
successfully complate the TLl burn. Required by Args V PDR for EDS 4 g8 s
Technologies related to Ares | abort detection needed for Ares 1 CDR.
Hign reliability liquid oxygen. lquid hydrogen propulsion systems are required Improve crew safety and resiability,
} . for the Altalr descent stage 10 enable architecture dosure The descent . . reduce mass and improve
Cryegenic Fuid Management ropulsion system must be highly reliable and safe, while providing the Cryogenic Fiitd performarnice 1o enable architecture
CFM-4 for Lander Propulsion prog 4 ? ighiy - wWhile p 9 Managsmernt (CFM) Funded : ) B Lander Aftait FYY13 Critica
P regired throttle for funar braking, descent, and landing. Technodogy Project clesure. Enabla deep throtting 1o
¥ develoginent is required to reduce programmatic risk associated with the d pravide more design/ianding
Aftalr propulsion system development. Aexibifity.
Required to enable ISR for
propellant applications, but may
ot be required for other axygen
Oxygen Liguefaction. Ability to liquafy, store, and transfer liquid oxygen (as opposed fo high Cryogenic Fiuid HSRU needs (ECLSS, fuel cell ISRU. Small HBRUFY18
CFh-5 Storage, and Surface prassure oxygen) could have sigrificant mass, volume, and safely reductions|  Management (CFM} Funded reactants, EVA) sinca these Prass r';{edf Rover Surface Sysiems Desirable
‘Fransfer and Distribution for ISRY, power, life support, and EVA. Project systerns can use gaseous inputs. ur @ Y4
Might reduce storage system mass
for these applications, but more
analysis is reqidred
Required to enabls (SR for
Hydrogen Fuef Cell Reactant Cryogento Fhuid Wr?i!::;: fgiizjf?jnx Lfnh |l':e Smalt Pressurized Surface Systems
CFEM-B yarog e ea Nead fightweight highly afficient cryogenic chiflers and storage devices Managerment (CEM) Funded 3 i & g k BCS Dy Desirable
Liguefaction Projsct explaration using mobile habitat by Rover FY14
! greatly reducing mass of
consumables
. Reduce or aliminate boii-off of
. . . . Cryogenic Fluid . Landsr, Possibly for )
CFMT tn-Fiight Scavenging of Nged ;apalvai»ry 1o recover propefiant bot-aff fron} Imam oropetiant tanks Managament (GFM) Funded cryagenic propatiant thereby Methare. Fusied Ofion Aifau FY13 Highty Dssirable
Cryogenic Propelant Bof-off [ during flight for use as fust call reactants or in auxifiary propuision system Praisct erabling architscture cosurs and sm Crion FY13
; Improviog mission sucoess
; . ) A ISRUFYIS
Cryogenic Scavenging from . . Cryogenic Fluid Scavenging Altair fluids coufd . e
CEMLE { snder Descant Tanks on Recover residual propellants from Altair for use as fuel cells reactants andior Meanagement (CFM) Funded significantly reduce logistics mss Lander, iISRL, Habitat,| Swrface Systems Highly Desiratle
outpost water 10 reduce fogistics resupply requiremsnts. : Power Systems FY14
Lunar Surface Project trarsportation requiremerts. .
Altair FY13
ML is @ laading candidats for EDS CFM appiications. MLI applicationte 10 | Cryagenie Fluid Reguue bail off of cryogenic
. Advanced Multi-Layer . 4 ; pp PR yed propefiant thereby enabling Ares V FY13 .
CFM-g . m diameter tanks may reguire tachnology development to enable EDS Managament {CFM) Funded § ) EBS, Lander . Criticat
insulation (ML) . i . ) architecture closure and improving Alair FY13
manufacturing to minimize production cost. Reguired by Ares V FDR Project S
’ MiSSiOn SUCCess
. . . . . ' Reducss uncertainty in CFM
- ine non- 5 : W STDP ¢ 3 - ras Y :
CFM-10 Scalmg of Large Low- G Determine non dxmenstqnaf scaling refationships, peﬁown CFD analysis, and ] ETDI i f.s not funding Unfunded systems madsting, s allowing £DS, Lander Afes‘ FY1‘3 Gesirable
Cryogenic Slorage Systems | perform sub-scale testing of tanks of two different sizes, ot geometrically | this activity 2t this time B Altair FY13
. . . reduced margins and saving mass
stmitar, to enable validation of design

Eneryg

Technology
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Low Cycle Life Rechargeabls

Reduce Altgir mass thereby

. ‘ atfowing more payload capabifity.
L “has b & { ed the Alt T i X
F&-t Batiery OW ITass £ (gezuif::sz;g ;z:?:ltrhe 1jﬂ2(:\:ﬁ§facsA & ascent module Energy Slorage Project Furided improve craw safety and reliabilily Landear Altatr FY13 Criticai
h : ) by enabling recharging from funar
outpost in emargency
Low mass, highly reliable fuel cell is required for Altair power generation. o
Flow-through and non-flow-through options should be examined. Fiow- aF??ﬁg;izgga;;;;;:; f:;::; "
p Low Mass, High Reluabitity through s more advanced technotogy and will replace active anciflary i g L . .
ES-2 PEM Fuol Call semponents wih passive companents. Non flow-through oar save >50kg an Energy Storage Project Funded ?mp;ovg :,r:ew;afety and rel;abmty Lander Altalr FY13 Critical
Altair and offers increased reliability by eliminating ancillary components Y Impraving ppwer sysem
aitogether rehability
Shaded periods on the unar surface can range up to 15 days or more. if the ﬁsﬁlm?mi’ ;m; r;veeim.a;gy \
. - lunar oulpost relies on solar arrays as its primary powsre souroe, such shiaded NSty storage and genarailor
Regenerative Fuel Calls for ) N duririg lunar mght, thereby
tirne periods will result in a tremendous amount of energy storage o maintain ) . Surface Power, All Surface Systems
ES-3 Lunar Surface Energy X £nergy Storage Project Funded reducing mass required to be - Critingt
Slorage culpost operations during these eclipse periods. State-cf-the-ant battery an led to the fuar surace SBurface Systerns F¥14
d systems woild be prohibitively massive o mest these energy requitements and sps;: ° g r f“ TCL’
Regenerative fuel cells are requirad and ena '. 9 more productive kinar
night operations
Need high-energy-densify rechargeable batieries to powsr both
. High Energy Density unpressurized and pressurized rovers for orew ransport as well as systems § ) Enabte fong-life refiable operations . Surface Systems . .
ES-4 Rechargeable Batteries ta remove surface efements from Altair and emplace them on the funar Erergy Storage Projsel Funded of surface mobility systems Surface Mobility FY¥14 Highly Desirable
surfacae.
High energy density, high specific energy balteries are needed that meet the Rei:ﬁzge‘ﬁ\:;;:i th;;:ass
2]ul ficat X i ; - . . .
£5-5 Suit Power requirements for f?uman rated space applications, especially wilh respect to Energy Storage Praject Funded transportation requirements EVA Systems EVA._S y%tems Critivat
safety. Technologies must keep the sull within mass and volume affocations ¥ Fy13
ahile enablivg an 8 Four EVA tmprove crew EVA safety, comfort
- .and productivity.
Improve snergy density storage
Develop high speed fiywhesls with advanced fibers using carbon nanctubes and during funar night, therep
¢ ¥
£9.6 Lungr Surface Fiywhesl in & quartz glass to generate slectrical power during eclipse periods and to ETDP is not funding Unfunded reducing mass required to be Surface Power Surface Syslems Oesirable
Energy Slorags powar mobility systems. this activity at this time. ! trarsported to the funar surface Systams Fyt4 eane
Q' Y P
and enabling mere productive lunar
right cperations
. . - tncreasing battery life witl reduce .
E 38 & atith - " 5 i E . ! <
Hattery Boost Converter There is signejcant pawer stif 16ff in a fithiun-ion cell as the battery voltage ETOPR ig not funding the logistics resupply mass Altair and Surface o Alteir FY13,
ES-7 Devalopmant drops off to levels befow what can be used. Battery beoster development s thie sctivity 21 this fme Unfunded ranuired and extend the miss Syt Surfzce Systems Highty Desirable
eopr desirad to extract maximen energy and improve efficiency ¥ E € 500 ystems Fyid

urface Power Sysi

5P8-1

Higher Voliage Efsctrical
Powsr Distribution

Most converttionat spacecraft operate between 28Vde [satelliles) and 120V
{irternational Space Station}  Higher voltage power distribubion provides
lighter weight systems. These systems must accommodate the lunar

envirehment constraints such as the lemperature variations and lunar dust
The higher vallage systems nead 1o accommodate a diversity of power
sources (Y fuel cells, hatteries) to faciltate the evolution of the lunar
outpost. The powsr system must be highly avtomated to permit eperation for
fong periods of untended operation. High voltage converters, switchas, and
cabling is reguired.  AC distribution may be desirablg

Surface Power
Systems Project

Funded

life of mobllity systems

Reduce mass of surface power

systems, cabling and surfacs
mobiiity systems through the use of
higher voltages

Surface Power, Alf
Surface Systems

Surface Syslems
FY14

Highty Desirable

Technclogy

ey

ek

4
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Advanced Power

Systems

Management and Distripution

{unar outpost power systems will need fightwaight and efficient powser

systems must have sufficient lifelimefratiabitity in the unique lunar surface
ehvironmant (lemperature extremes, radiation, and dust}

managemesnt and distribution systems on the surface. Likewise, these PMAD

Surface Power
Systems Project

improve reliabifity and reduce mass

Surfacs Power

Surface Systems
Fy1a

Highly Desirable

Modular Power System
Comporents

Botential cost savings could be achisved by use of commen slectnic power
system components in Orion, Ares, EDS, Altair and lunar surface systems
Most commerciaf and mithary satelfites utifze common power components 1o

achieve reduced developmernt time and recirring cost

ETOPR is not funding
this activity at this time

Al Architecture
Elements

Surface Systems
FY14

Hightly Desirable

5P5-4

Lightwsight Cable
Technology

The distriution of significant amounts of power on the funar surface will
require power cabling connecting power sources, energy storage devicss,

provide mass reduction and ease of depioyment, integration and test. Large
amounts of caling may be required o link surface systems, particutarly if
nuclear syslems are deployed. Cabling within elements {i.e. habltats and
rovers) will also benefit from lightweight, efficient cabling

and user element loads. A lightweight cable technology is requireg that wouid

EYDP is not funding
this activity at this time

Surface Power
Systems

Surface Sysiems
FYtd

Highly Daesirable

Fgp-1

Large Lightweight High
Strangth Solar Arrays

nced Fission-Base

MNuclear Fission Power
Systems

Need larye solar arrays that stay deployed during mobiity. Also need longer
stow and deploy eycle fife and high sfficiency at lunar-equatorial
termperatures

Abundant amounts of power and energy wilt be needed for funar and Mars
outposts. For lunar applications, farge eclipse pericds in non-polar regions {in
some cases greater than 15 days) would put a significant burden on chemical
anergy storage with a PY sowrca. For a lunar polar outpost, solar power with
regen fuel cell is likely sufficient. For Mars missions, fission power will be
requited becauss of significantly lower sofar insutation (38% of lunar} and
abscuration of light due io dust storms. Demensiration of g small nuclear
reacter s a secondary power supply sowrce for a lunar outpost will provide
risk reduction for Mars applications. The Jast US nuclear power sources were
taurchad in 1985 {SNAP-10A).

Phase change matsrial planned for use in Orion and other potential

ETOP i3 net funding
this activity at this time

Advanced Fission
Based Power Systems
Project

Funded
of surface power systems
Urfunded Reduce is?e sycle costs through
modularity and commonality
Significantly raduce mass of
Unfunded cabling, thereby reducing
transporiation cargo requiremsnis.
Reduced mass and longer fife witl
Unfunded reduce logistics mass

Funded

expicration

transporiation requiraments

Significantly increase availability of
power during lunar night. Provide
extensibiiity demonstration fur
future Mars and solar system

Surface Power
Systems, Suiface
Mohitity Systems,
Habitat

Nuclear Fisalon Power
Systems

Surface Systems
Fyi4

MNuctear Fission
Power Systems
FYis

Orion FY13

CGrion, Landar, Smal Adtair FY13
o Phase Uhange Material apglications is immature and requires additional technology davelopment Advanced Thermal Funded improve heat exchanger specific Prassurized Rovar, Surface Systems Vighly Desirable
{PCM} PCM heat exchangers may also be required for EVA systems, rovers, 1SRU Controf Projact performance, thereby saving mass | Habiat, Possibly EVA Fyid -
systems and other surface systems Systems EVA Systams
FY13

Highly Desirabie

fiighly Desirabie

Technology
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RHE-1

reeded for radiators and thermal candrel systems,

Radiation Mitigation and
Environmental Hardnass for
Aviorics

Need Sirigle Evert Effect (BEE) mmune Reconfigurable Field Programmable
Gate Arrays {F PGAs) that provide a method for emulating rultipte avienic
funclions within a nenvolatils, reconfiguranle gate array that is rediation
hardened by design. Need SiGe materials to enable and suppont externally-
distribited, environmenially-exposed electronic units (remote Dala
Acquisition Units, miniaturized sensor nedes; and remote conirel electronics
for actuators) capable of uperations in the natural lunar environments. This
technology would enabie fow-temperature and iow-power, mixed signai
operations in funar environments. This technotogy could greatly retuce
cabling mass by locating contrel electranios on Altair system extremities

Systems Projects

Radiation Hardened

Electronics for Space

Environments Project
(RHESE)

Funded

systems  improved life will reduce

mass of logistics resupply required,

improve reliabiity and Hfe of
avionics components, thereby
improving crew satety and reducing
logistics mass iransportation
ragiremneanis

All Surface Systems

Al architecture
elaments axcept for
Ares]ard V

Orion FY13
. Highly reliable, ightweight thermal control, sun shades and heat rejection hmprove heat rejection system COrion, Lander, Small Altair FY13
Heat Rejection Systems for - . . \ . N
Too Advanced Tharmal Cortrol systems are required for a varisly of suiface system applications. Improved Advanced Thermaf £ unded specific performance, fhereby Prassurized Rover, Suwrface Systems Highiy Desirabi
Qystems modslng and simulation technigues for iunar thermal envircnments are Centrol Project saving mass. Improve systerm Hapitat, Possibly EVA Y14 iGhly Lesiratie
¥ needed. ralishdity and iife. Systems EVA Systems
Fyid
. ) Altair FY13
Evapcrative Heat Sink for Short duration missions or mission phases that have a holter thermal improve evappmtor heat sink Lander, Sma Burface Systems
. . o . ) ) ) N . Advanced Thermat . system specific performance. Pressurized Rover, . N
To-3 Advanced Thermal Contral [ erwironmant than nominaf or higher heat load than nominat wil likely require ) Funded EY14 Highly Blesirabie
Systems the use of ligntweight, refiable evaporative heat sinks Contraf Projedt Hhereby saving mass. Improve Habitat (pack-up, EVA System
i ’ systerm reliability and life Possibly EVA Systems FYYB N
Altair FY13
Improve heat exchanger and Lander, Small
Hoat Exchangfa(s and Ligntweight, highly reiiabve and robust heat exchangers and coldplates are Advanced Thermat celdplate system speacific Pressurized Rover, Surface Sysiaris ) .
TC-4 Coldplates for Thesma! g X ) Fundad . ’ FY14 Highly Dasitable
required for a variety of surface system applications Contre! Project performance, thereby saving mass. | Habitat, Possibly EVA
Control Systems " EVA Systerns
Improva systen reliability and iife System £y 13
) loaprove fluid life, thereby
- Long Duration Adyanc?ed Long-duration advanced thermal control system fluids are required for 2 Advanced Thermal increasing system life and reducing? Lander, Habitat, Small Altair FY13 .
C-8 Thermal Control Systemn . ) N ) Fundad , i Surface Systams Critical
Fiuids variety of surface system applications Controf Project logistics mass fransportation Prassurized Rover Fvid
requiremants.
Reducs fogistics mass
. . . tfransporiation requirements by .
i h inl S e th A 5
. Fusible Heat Sink Therma A rigxgbie lightweig t.thermai management is réqu»fed for the small Advanced Thermal ciosing thermal loop. Hmprove Brmall 9rcssur.|zt.d Surface Systems X
TC8 Maragemeant for Sraalt pressurized rover. A fusible heat sink could combine thermal management Fundad X : Rover, Possibly . Critical
i . . . . Caontrof Project fruman safety and integrated . F¥i4
Pressurized Rover with radiation protection. A closed leop sublimatefevaporate cycle s desired. ) . Habitat
system mass through increassd
radiation protection
Improve heat exchanger andg Lander, Smalf Su:::afr g 23 .
TC.7 Sublimator-Driver Coldplate | The sublimator driven coldplate is a novel thermal fechnotagy development Advanced Thermal Funded coidplate system specific Pressurized Rover, chY 11 oms Highiy Dasirable
Techrwiogy that ceutd benefit the Altair ascent stage Controt Project performance, thereby saving mass.| Habilat, Possibly EVA EVA Systems chiy Des
Improve system reliability and fife Systems ¥ ”
FY13
Dust Management and increase cperational life and
- Dust Mitigation for Thermal | Performance degradation assessments and dust mitigation approaches are v 9 . performance of thermal control Surfate Systems
¥C-3 Conlrol Systans Thermat Control Funded

Fy14

Oreinn FY13
Altair FY13  Ares
VFY13 Surface
Systams FY14

Highiy Desirable

RHE-2

High Denaity, Rad-Telerant
Non Volatile Memory
Technology

A high density, rad tolerant, non volatiie memory technalogy will be required
i muttiple systems across Constellation architecture elements to hiokd cade
and data.

Radiation Hardened
Electronics for Space
Ervironments Project

(RHESE)

Funded

tmprove reliability and fife of
avionics components, thereby
improving crew safety and reducing
iogistics mass transportation
requiraments

Alt architecture
slaments except for
Aresiand V

Orion FY¥13
Altalr Y13 Ares
VY13 Surface
Systems FY14

Highty Desirable

Fechnology



S e A

o A 1 B,

Page 11

LAT _CXTPP_ETDPO_CMMTS v4.xis

Reconfigurable Fault
Toterance Technotogy

A raconfigurable fault tolerance computing teshnology is required that meets
att fault tolerance requiremsnts (D, 1 or 2 fauilts} and that can be used in
multipie systems across Consteliation architecture elements.

Radiation Hardened

Electronics for Space

Erwircnments Project
{RHESE)

Funded

trprove reliability and hife of
avionics componants, thereby
improving crew safety and reducing
logistics mass transportation
requiraments

Al architecture
elaments except for
Ares and V.

Orion FY13
Altair FY13
Surface Systems
Y14

Highly Desirable

RHE-4

High Density, Rad-Tolerant
Volatie Memory Technology

A righ density, high performance, low powsr, rad tolerant, velatile memory
technulogy will be required in mulliple systems across Constetiation
architgcture elements 1o hold code and data.

Radiation Hardened

Electronics for Space

Environments Project
{RHESE)

Funded

improve reliability and tife of
avionics components, thereby
improving crew safety and reducing
logistics mass transportation
requirements

Al architecturs
alemants except for
Ares | and V.

Orion FY13

Allair FY13  Ares

VY13 Burface
Systems Fytq

Highty Desirable

REE-5

Commern Aviohics
Technaology

Commoen avionics technalogy at the board and chassis leve! is desired to
atiow mass reduction white providing good thermal management, easy
maintenance. and sparing that can be used across all architeciure elements

£TDP s not funding

this activity at this time,

Unfunded

Reduce mass and cost through
commonality and modufarity

Al architeciure
alements except for
Ares | and W

Orion F¥13

Altair FY13  Ares

VFY13 Surface
Systems FY14

Desirabla

RHE-6

Hardened Displays for Lunar
Ervfronments

Low power, Light weight dispiays are desired across all crewed lunar surface
slements thal will be exposed to the harsh lunar environments

ETOP is not funding

this activity af this time.

Unfunded

Incressing iife of displays reduces
togistics mass

Alt Surface Systems

Surface Systems
Y14

Desirable

RMHE-7

High Temperature Tolerant
Electronics

Electronics techriolegy such as siticon carbide is desired to enable

efectronics (o operate at high tamperatures and eliminate active cocling. Heat

toterance and passive radistion cotling would reduce the design complexity
4s well as reducing mass

ETDP 15 not funding
this getivity at this time.

Unfunded

Improve integrated mass of
avienics and possible increase life

All Surface Systems

Swrface Systems
FY14

Highly Desirable

RHE.8

Modsling of Radiation
tifects on Electronics

igent Software Design

Acewrate modeling of the nafural radiation environment and its sporadic and
cumutative effects on modern spacecraft avionics and electrorics is needag
for use in subsystem design and development

Reliable software development tonis are nzeded tp optimize the development)

ETDP is not funding
this activily at this time

Unfunded

Reducing design uncertainty can
save radiation shieiding mass and
improve component reliability

Improve spead and cost of

All architecture
elements except for
Ares i and V

Crion FY13
Altalr FY13  Ares
VFY13 Surface
Systermns FY14

Highily Desirable

150-1 Software Development Tools of the MOP/AIOD sofiware required to support Conatellation mission tntelligent _Soﬁwafe Funded software development. improve Mission Qperations Missian Desirable
Design Profect (1SD) X i Operations FY14
cperations refiability of software
The developmaeni of tests to mitigate specific classes or types of software
defects i3 needed. £rrar injection, tracing and analysis tachnologies are Ares | FYGQ
required. Model-based analysis for validation of safety-oritical software Args V FY13
. i ) : Irmiprove speed and cost of
1502 Software Verification and designs is needed. Advanced validation testing that determines failure intelligent Software Funded software development. mprove All architectura Oriun FY13 Desirabls
Vaiidation Technologies froundaries and margins for safety-crificat functions s needed  Auto code Design Project {iS5) ware " P P efernants Altair FY13 pat
N N retiability of suftware
tools need development for state estimation, data analysis and to streamiine Surface Systems
the test activity. Verification and validation of sutonomy and autoration Fyi4
functions implemented in flight computers s required
Args | FY0S
Technulogy is required -for rapid, low-cost development of reliable funar Ares V FY13
150-3 Design-Level Software Re- |software systams from reusable design-leve! models (e.g, UML) Initial focus]  ETDP is nof furding Unfunded tenprove speed and cost of human- Alf architeciure Orion FY13 Degirable
use should be on navigation and communications software components compiiant] this activity at this time. M rated software developmant elemants Altair FY13 e
with C31, then ECLSS. Surface Systems
FY14
Aras | FYOO
PR AresV FY13
. b .
Integrated High Fidelity Need advanced jmegrated high fidelity modeling and analys’s toois that ETDF is not funding improve speed and cost of system Al architecture Crion FY13
iS04 combire aspects of structural design, loads, dynamics, thermal ang S Unfunded N . . Dasirable
Analysis Tools s i Kinemalics (such as &6 tion, fanding, mating or deployment) this activity at this time. design elements. Alalr FY13
perations kinematics {such as separation, {a g, 1 paym Surtacs Systems
EY14

Technoiegy
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Fools and technigues are needed that model ochysical and behaviora! aspects

Arasi FYOQ

tomation for Operations Project |

Automation for Mission

Automation capabilities are needed o enhance mission operations suppor,

Autornation for

of software system design, properdies. cause and effects, environment, and Args V FY13
. Medeling of Sottware- interactions 1 order to enable model-based design and teat verification and | ETDP is not funding B ; Al architeciure Orion FY13 .
180-5 imensive Systems validation and improve capability to analyze software system characteristics [this activity at this time, Unfunded Improve reliabifity of software elemants Aliair FY13 Desirable
(timing, behavior, performance, fault propagation) 1o suppert verification and Surface Syslems
testabifity of design FYt4
Ares ] FYO2
Efficiant code analyzers, compliance rufe and model checkers for mission- Aras M FY13
Compfiance and Model criticat software are needed. Dus to their complexily, the use of such tools s} ETDP is not funding All archifechse Crion FY13
1805 | Chackers ;O;th;:f'm’CM!cm currently limited to a small nomber of fight software modules. They need to [ this activity at this time. Unfunded mprove reliztilily of softwars alements Altair FY13 Besirakle
¢ be exterded to the entire flight software. Surface Systems

FY14

Deveiopment

to search through the multiple mission operations data files and information
to obtain specific cperations information would signficantly enhance
troutiashooting

Abart detectivn of solid rocket motors is a new capability not provided for on
‘the Shuttle. Technigues to detect abort conditions are neaded for SRMs and

this activity at this ime

Integrated Systems

improve human safety through

thereby reducing manpower requirements while improving overall support . N . Mission .
" ' N - £ ok 5 s o " . .
ARG Operations capability These technoiogies include interactive procedures, scheduling O;:era(t'&rsc?m}eu unie Reduce mission operations cost Migsion: Operations Cperations FY14 Desirable
tools and constraint dats management,
New rrigsion operations monitoring technolegies are needed to provids a
fully inteqrated environment for the flight control team. in addition to
telemelry data and command processed in the same display environment, the Autormation for Migsion
AFG-2 Missiors Monitoring Tools technotogy should integrate procedures, rules, information searches and Oper:a{!;\znoii)’m;ecé Funded eckice mission operations cost Mission Operations Cperations FY14 Desirable
other capahilities currently being used by the team from separate and
disconnected sources
Training Supoort Training support applications and simutations tachnologies are needed for Auttornation for Mizsion
AF(-3 - 9 SUpp both stand-alone part-task trainers and full capability simuiations of vehicie Cperation Project Funded Reduce mission operstions cost Mission Operations . Desirable
Technologies . Operations FY14
systems (A0
Need CFDP compatible toois Tor e transfers, which iz a CCSDS-basad ETOP is not funding . . L Mission
- - 5 2 iss t s 3 o 5 y sirable
AFG-4 CFDP Compativle Tools implementation of internet fite transfer protocols (FTP). this activity at this time. Unfunded Reduce mission cperations cost Mission Operations Uperationts FY14 Desiratie
Utilizing semantic technologies, ontology and registry development
Semantic Technologies technologhes wil significantly enhance MOP suppont in the reconfiguration
AFCG-5 Ontology and Registry process. AS it relates lo data mining and knowledye management, the sbility)  ETOP is not flding Unfunded Reduce mission operations cost Mizsion Cperations Mission Dusirgble

Operstions Fyt4

tieaith and stafus application into a coherent, unified health and status
pictura for the entire archifectre.

{18HM) Project

systems

. : A g
$SHM-1 Sotid i:d:‘:‘ Moior:Hsallh must be resaarched to define highly refiable and safe abort detection Health Management Funded better faclt detection and abart Arps i and V Arfss\l/ ?{gi Critical
anagemen capabitities. Ground testing of approaches (s reguired. Campletion required (1SHM) Project capabiity -
by Ares | COR
System modeling tools and methods that will allow oplimization of sensor
selaction and placemant during the system design stage are needed .
s . . . ) Integrated Systems Improve hurnan safety through

., ¢ 1SHM PrognosticDiagnostic | Cerlifiable advanced faull isolation toois and methods are required. System Ares i FYO9 )

= t ed tter o tools to enable (WH ras | and V Dasirable
5HM-2 Tooks integration tnools and methods are needed 1o integrate multiple subsystem Heaith Managemen Fund hatter design o erabie {VHM Ares b an Ares ¥V FY13

Tachnology



e T B B B0 e B S I R

Page 13

LAT_CXTPP_ETOPC_CMMTS vé.xls

Description o Sh
For both erewed and dormant configurations, monitoring and management of — Ares| FYDS
) Improve safety/refiability and
the health of criticat subsystems is required.  Rehable, faul-loferant . N ArasV FY13
B . . rtagrated Systems reduce repair time for surface )
integrated Systems Health | embedded sensers and algorithms for built-intests, fault detection, isotation, . Al architecture Orlon FY13 . .
18HM-3 S ) . . : Health Maragement Funded siements. Enable health Highly Desirable
Managaient warrling, and reconfiguration of rapalr are required. A failure prediction . - ; alements Altair FY13
. . 5 . {ISHM) Project determination and repair during
capahifily is desirable for informed logistics management. Informative crew Surface Systems
. N dormant cperations
aterting systems are requirad Y14
Ares| FYOS
There i5 & need to link diagnostic and prognostic tools io en-board ArgsV FY13
. N ' ) . Integrated Systems improve safetyfreliability and .
On-Board Decision Support raconfiguration managers and or inteiligent confrofiers. Technology is ) i Al architectura Orion FY13
IS4 Tools reeded for on-board decision support and expert-guided troubleshooting for Health Maﬁaggmem Funded feduce repar e for sutace aiaments Adtair FY13 Hignly Desirable
{ISHM) Project siements -
orew and ground controliers Burface Systems
FY14
The Earth Departure Stage (EDS) will rendezvous and transfer the Orion ana
Abtair from Eanth orbit to lunar orbit. Operation with the Orion requires the
£33 to implement human rating requirements including anytime abort. EDS
has many components and composite struciures. The state of each of thesa
companents must be autornatically determined for and svaluated to ETDP is not fundin improve human safety hrough
{SHM-5 EDS State Determination 1 determine if an abort is required. Techniquaes to delermine the state of these |, q Unfurded better fault detection and abort E0S Ares VW FY13 Highly Desirabite
. N . [this activity at this time
unigue systems are nesded that worl in & reliable integrated fashion with capabiiity
each other and the Orion systems for abort getection and detenmination
Research is necessary fo determineg the candidate lechniques necessary to
perform these functions and the integration techriques necessary for safe
and reliable operation. Required by Ares V POR
Advancad Caution and Davelopment is needed for a Mission Control Center model-based fault
(SHM-G | yarming S ’sta s for Mission isolation and ropt-cause determination tool. It heeds to integrate the ETHR i not funding Unfunded Reduce rmission operations cost Mission Operaticns Mission Pinhly Degirabl
4 Oye ?Ons troubleshocting ard root cause determination with protedure planning and | this activity &t this time improved systern reliability P Oparations FYt4 gy Desiraste
pera execution
There is a need for micro-sized data acquisition, processing and storage
systems that require minimum integration and operations for natworking and
wirelass for data acquisition needs. Wirsless connettivily betwean the
sensor, data acguisition and other vehicls and external systems is required hnprove safety/retiability and Crioh. Lander, Habitat Grion FY13
ISHM-T Mardufar DFULES {lata reduction to processad solutions, event riggering and collection, and ETQ? " not fund[ﬁg Unfunded reduce repair tme for surface Small Prassurized Altair FY?‘% Highly Dasirabie
instrumantation . . A ) N this activity at this fime. Surface Systems
plug-and-play wireless conneclivity are required features. Sending real-time alements Rovar Fy14
solutions to the rest of the system and ground operations. with raw data only
when required, reduces overhead and increases usable information for the
end users.

Autonomous |Landing and
Hazard Avoidance
Technologies

Need autoniomous landing and hazard avoidance systems, including terrain
relative navigaetion, that operate in aif lighting conditions, inciuding darkness.
Nesgd 100-m accuracy at 3-sigma certainty. Need 0.5 meter hazerd
recognition and avoidance

ALHAT Project

Funded

Enable autonomaus pretision

tanding near the funar outpost.

Enable operation in aft lighting
conditions

tander

Altair FY13

Criticai

Technology
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ALH-2

Hazard Detection and
Ayoidance

Advanced Rendezvou:

Refable Automated

Prior to being able to identify & specific technofogy develppment projact, the
Aftair Project Office {APC) requires engineering assessmants of the following
stralegies in order to trade the cost vs risk: 1} cargo lander missionto a
landing site equipped with navigation aids Consider a range of landing aids
from passive to adtive. Assume the ocations of the landing aids are known.
Betermine the minimum suite of navigation and sensor squipment necessary
for the cargo lander to meet performance requirements. Work with the APG
GNAC Leade develop options for navigation aids. 2} Crew missionto a
tanding site with polar hghting conailions and no navigalion aids piaced at the
landing site. Utilize the crew’s tapabilities to maximum extent possibla to
determine the minimum suite of navigation and sensor equipment necessary
to meet performance requiremants.

_and Docking (AR&D) Sensors Project

Need reliable sensors and algorithms that enable ARED between Crion and

ALHAT Project

Funded

Enable final requirements
deternmination for ALHAT project
and supperting navigation aids

fraprove reliability and confidence
in Altair ability to Jand
autonomously.

Lander

Altair Y13

Critical

need Surface Na

Reliable Surface Navigation
Sensors

COZ and Moisture Removal

uppo

orbit determination

L Ko e J E ] ' %

vigation Sensots Project.

Need sensors for object defection and collision avoidance for crewed and

uncrewerdt operations (eq.. lidar, radar, sterec-scopic vision systems). Neesd

rediable approach and dotk sensors that operate in lunar environment and
provide shod distance ranging (ralative position, high rasolution) and

orientation data

Advanced Surface
Navigation Sensors
Project

Funded

Improve human safaty ang
productivity through autamation
and rethuced EVA reguirements.

Reduce logistics mass

Surface MobHity,
Habitat

Surface Systems
FY 14

Swface Systems

. 5 ir. T y 4 - the- £ E jssi N 3
ARD-1 Rendezvous and Docking 188, ‘and Omcrz and f‘\tta}r The U ?Idoes nof currently %lzave an off‘ e-shaif ARAD Sensors Projsct P—— Imprn_v_n crew safety .end mssion Grion, Lander Omgn FY13 Highty Desirable
Technologies humar-rated religble sensor suite to support rendezvous, proximity reliability through reliable AR&D. Altalr FY43
) . operations and docking
Additional low mass relative navigation capability is needed to supplemert . -
ARD-2 Natural Feam{e fmage the primary Orion YNS, using on-board Orion centeriine camera and VPU for | ARED Serisors Project Funded fmprovs raliabilty of rendesvous Grion, Lander Orlor FY13 Dresirable
Racognition and docking Atair FY13
processing
. . . . . Improve retiability of rendezvous .
: Need to maintain paraliel path of relative navigation senser develepment in | ETDP s aot funding . Orlon FY13 .
-3 . . : d X g 3 3 . 28
ARD-3 Paraliei Path io VN3 order o reduce risk associated with VNS tris activily al this time Unfunde and docking. Reduce program Orion, Lander Adtair FY13 Desirable
development risk
Need to increase pperational flaxibility using on-board Lidar system
{assuming Lictar is selected for VNS). Need to increase robustness when ETDF is not funding improve refiability of rendezvous . Orion FY13 .
- F e i i ;
ARD-4 Lidar Fuature Recogriition Crion is unable to view targels or reflectors on target vehicie due 1o pointing, | this activity at this ime Unfunded arxd docking Orior, Lander Altair FY13 Highly Desirable
blockage or other constraints
Need capabifity for rendezvous bearing using optical system with moon in
Lunar Navigation FOV. Need to investigate rendezvous bearing options for lunar missions, ETBP is not funding tmprove reliability of rendezvous } Orion FY12 N
ARD-5 Technologies such as ron-optical iunar orbit navigation using surface features for precise [this activity at this time. Unfunded and docking in lunar arbit Grion, Lander Altair FY13 Highly Desirabls

Highly Desirable

. . . . o o : Habitat, Small
ELSA Neead lightweight regenserable s,yszem for controlling £02 and humidity in Exploration Life Funded transportation reguirements by Prassurized Rover, Fyi4 Critical
System cabin air Support Proiect (EL8} closing ECL3S foop. Reduce N EVA Systams
EVA Systems
systerm mass, FY13
Reduce fogistics mass Habital Smati Surface Systems
High Pressure Gxyger Technologies for the production and detivery of high pressure {up to 3000- Exploration Life " transportation requirements by - FYid
5 sutized R Highly Desirable
ELS-2 Supply 3500 psia) oxygen for low velume storage are needed, Support Project [ELS) Funded ¢closing ECLSS oop. Reduca Pragsu ;\f: ovat, EVA Systems gy i
system mass FY13

Techrnology

W
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Highly Efficient Partial -

Tachnologies are required for the recovery of waler from wastewaters that
achieve high water recovery {>95%) with low equipment resupply burdens

Reduce logistics mass
transportation requirerents by

ELS-3 Gravity Watsr Recover Need devices that take advantage of partial gravity environmants to simplify Su Exsritoi;z:goendL *;‘: 5 Funded closing ECLES 1oop. Not ag writical P 22:%1;_35:336{ Swfa;iiystems Higihiy Besirabie
¥V - 4 and snhance the robustness of existing systems that frave been flight e fect (L if water can be recovered from ressunz o
ealified for 04 applications. Altair
. . . . Raduce logistios mass
3 de ar it ; N
ELGA Carbon Dioxids Reduction Technologies to enable the recovery qf wxygen from carbon dioxide are Exploration Life Funded transporiation requiraments by Habitat, Small Surface Systems Criticat
needed Support Project (ELS) Pressurized Rover Fyid
¢fosing ECLSS loop
Reduce logistios mass
Techrologies are noeded for the recovery of water from residusal, . irangporiation requirements by 5
E18-5 Brine Water Recovery concenirated wastewater brines produced by primary water recovery Exglocation Life Funded closing ECLSS loop. Mot as critical Habitat, Smail Surface Systems Highly Jesirable
Suppert Project (ELS) R Pressurized Rover Fyi4 -
systems. if water can be recovered from
Altair,
Reduce jogistics mass
Improved CO2 Removal for Increased robustnegss, fower power and improved integration with CO2 Exploration Life lran§porfatson requirsmants by Habitat, Smaft Surtace Systems
ELS 8 . . i N N Funded cloging ECLSS loop. Reduca o Gritical
Loop Closure reduction for CO2 and numidity removal are fequired Suppert Project {ELS) Fressurized Rover Fyt4
Systam mass an and power
required.
Reduce logistics mass
s A biocide which is compatible with materiais, stable for more than 8 months Exploration Life . fransportation reguiremeants by Habitat, Small Surface Systems ..
ELS-7 Advanced Biocide and does riol require removaf is desired Support Project (£1.8} Furded closing ECLSS loop. Increase Pressurized Rover Fyid Highly Desirable
system life
Reduce logistics mass
. . . . transportation requiremants by N
3 d 1 . . (A S .
ELSa Urin Prelreatment Improved urine preireatmeng methods &re equired, sgch ag chemical Exp orahgn-l.:fe Funded closing ECLSS foop, Increase H?ba%at_ Sqwaii Suwrface Systems Highly Desirable
mathods that are low-toxicily, non-cormosive and simple to use Support Project (ELS) . Pressurized Rover Y14
systerm life and improve crew
safely,
Habitat, $mafi Suzg‘si‘;gm
! - ine cHon ar I¥ ice the - § i 3] i g ,
ELS.G Urine Receptacis Assemibly A simple, no-power, urine cellection and wer‘w ing C}lewce fat works for both ETD? is ot fmdtpg Urfunded ‘Reafuce f)ower requiremants lam:f Prgssurlzéd Pm:er B4 Desirable
male and famale crew is desired this activity at this time improve crew comfortfproductivity, | Crion, possibly EVA EVA Systems
systems Fyia
Reduce jogistics mass
Nead developmerd of ammonia sarbent and imethods for removat of transporation requirsments by e . .
£ 510 Tra(f dggr:afr;gwaﬂl cortaminants previcusty removed by condensing heat exchangers for use Su Exgiﬁ;fgzg‘('ftis ) Funded closing ECLSS ioop. Increase PF:::;:;’;;Q?EGF Suda;ﬂ\,{f:siems Highty Destrable
roen witit open loop ARS systems PP ) system life and improve craw
safety.
Nead reduction of sxpendable sorbents, lowsr catalylic oxidation Reduce logistics mass
. . . N N . . transportation requirements by .
improved Trace Contaminant| temperature, possdble photocatalytic fillration of entire air stream o reduce Exploration Life N . Habitat, Sl Burface Systems .
ELS-11 - ) . ) . N Funded closing EC1LSS toop. Increase - Highly Desirable
Coritral condensate contaminant load and incorporation into integrated CO2 Support Project {ELS) . Pressurized Rover Fy14
system e and improve crew
removaifreduction systam.
safety,
Reduce logistics mass
ELE12 Advanced Hygiene and Need efficiont, lightweight hygiene and waste removal systems designed to Exploration Life ELnded transportstion requirements by Habitat, Small Surface Systems Highly Desirable
B Waste Removal Systems furction it lungr partial gravity environment Support Project (ELS) closing ECLSS loon. Reduce Prassurized Rover FY14 e
system mass
Reduce fogistics mass
- Need 50% recovery of waler from solid waste, with resulling residual waste . transportation requirements by .
3 E ) - 2 : bitat, Surface Syst
£15-13 Wasts Stabilization and stabilization. Methods should avoid physical transfer of waste from collection Explaration Life Funded closing ECLSS loop. Not as oritical Habitat, Small Uriace Systems

Dewatering

centainer to processor

Suppoert Project (ELS)

if water can be recoversd from
Altair

Prassrized Rover

FY14

Highly Desirable

Technology
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fimprove crew heafth/satety,

Cleaning Systems

need for cleaning

el

Technologies ars nesded to menior and quantify the amount of aitborme

this activity at thig time

Advanced

reduce ogistics mass

transportation requirements

improve crew health and safety,
ncrease crew functionality, and

S . increase crew functionality, and Habitat, Small Altair FY13
. v LG b “xploration |, ) )
ELS-14 Lunar Dust Fiftration N%d. mproved filtration methods for 3unar. chast (‘omrgi slow SOA HEPA Exploration Life Funded reduce mechanical maintenance Pressurized Rover, Surfacs Systems Criticat
filtration is desired to protect crew. Biltration ©© 0.1 micron level is desired. | Support Project (LS} .
issues through mproved Landar FYi4
approaches for detecting dust.
Habitat, Srmalf Oron FY13
Deployabie Post-Fire Naed simall, self-comained cleanup device to ramove products of combustion Expioration Life Improva crew healtbysalely and o @ Aftair Y13
ELS-15 ; ) } , Fundsd . Pressurized Rover, N . Highly Desirable
Cleanup Device without iaving to vent cabin Support Project (ELS) increasa crew functionality Surface Systems
CQrion, Lander £y 14
. Reducing amount of clothing to be
. N Need systems to clean and reparr ciothing and other fabrics on the junar . o .
ELS-186 Advanced Llothing/ abriz surface. Consider use of anti-bacterial materials and fabrics o reduce the ETDR is not funding Unfunded irensported can significantly Habitat Surface Systems

Fyi4

Highly Desirabie

£P0

Fire Prevention,

Reliable Fire Betection

Detectionand Suppre

for water processor,

s8ion Project

Neead devics to detect carbon monoxide and other fire indicators that
sliminates falye positivas

years

Fire Prevention,
Detection and

Seuppression Project

{FPDS)

Funded

and increase crew funchonality

Improve trew health and safety
and increase crew functionality

Pressurized Rover

Habitat, $mail
Pressurized Rover,
Orion, Lander

Environimental Monitor reduce mechanical maintenance Fabiat, Small Alfair FY13
AEMG-1 Particulate Monitor pariiculate matter {on a mass or surface ares basis} in cabin atmospheres - Funded . . Pressurized Rover, Surface Systems Highly Desirable
. and Control {AEMC) issues through improvaed
down to the submicron range ; Lander FYia
Project approaches for detecting
particidates.
Advanced Habital, Smal Grion FY$3
bands, fegu E +- ortal 3 - -
AEMC-2 Improved Oxygen Mornitor Due to tegﬂl 02 controt apde, require cabm O? yronitor accurate to Environmental Monitor Funded Improve crew health am_j sa{;?iy Pressurized Rover, Altair FY13 Highly Desirable
0.05%, with longer calibration or sirmple calibration after long dormancy and Cantrol {AEMT) and increase crew functionality. . Surface Systems
Crion, Lander -
Project Y14
Need a simple, reliable device that can provide rapid and accurate . .
. P £ 1 tabitz 5
AEMC-3 Biocide Moritor indications of the biocide content of processed or stored water for pericdic _ETD ts ot funding Unfunded Empr.ove &rew health and sa??ty Habai.at Senat Sur!ac_e Systems Pighty Desirable
. ihis activity at this time and increase crew functionality Pressurized Rover FY14
status menitoring and off-nominal process upset assessments.
Advanced fiabitet, Simal Grion FY13
Meed technologies to determine the safety of cabin atmospheres folfowing | Environmental Monitor - improve crew health and safety o Altair FY13 . -
AEMC-4  Post Fire Glaanup Manitor hazardous fire evenis. ard Control {AEMC) Funded and increase crew functionality. P'Eg%urlmd Rover, Burface Systems Highly Desirabie
Orion, Lander .
Project EYid
: . ., . i Advanced i Orion FY13
Microbiat Water Qusiity Need simpls, r:lehabls c§ev1r,es that can provide accurate and {aped ndications Enviranmental Monitor . improve crew health and safety Hab:tr.at Smatt . At FY13
AEME.H of the microbiplegical content of processed watar for periodic status . Funded . . Prassurized Rover, N Highly Dasivable
Monitor W . N ang Controf (AEMC) and increase crew functicnality Surface Systerns
monitoring and off-nominal process upset assessments ) Crion, Lander .
Project FY 14
. . . . . . Advanced . Crion FY13
Almosphers Trace Ned technology thal atlows long-tem cenfinuous of geﬁudra mcnfsor_]ng of Envirenmental Monitor Improve trew health and safety Habr{a ¢, Small Altalr FY13
AEMC-S . ; atmosphere concentrations of largeted trace contarminants with minimal N Funded . Pressurized Rover, Highly Desiratle
Contaminant Maonitor ; and Control {AEMC and increase crew functionality. . Surface Systems
catibration requirad . Orion, Lander
Project Fytd
Technology that aliows iong-tarm centinuous manitoring of atmosphars . Advanced . Hagital, Smafl Orpn FY??
s . o Ervironmental Monitor Improve crew heaith and safety Altair FY13
AEMC-T | Major Constituent Analyzar cencentrations of oxygen, carbon dioxide and water vapor with minimal ) Funded ) . Pressurized Rover, Highly Desirable
. and Controf {AEMC) and increase crew funclionality. Surface Systems
calibration required Crion, Lander
Project FY14
. . = 5 s # ; ~ v ot i LT 1
AEMC-8 Online TGE moritor Need simple, rebust, avtomated TOC monitor to be used for process contral | ETDR is funding in out Funded rprove crew heahth and safety Habitat, Small Surface Systems

Fyia

Orion FY13

Altair FY13
Surface Systems
FY14

Highty Desirable

Highty Desirable

Technology
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AWT-4

Partial Gravity Fire
Supprassion

Technigues

Achvariced Waste Treatrment

Meed lechnology suitable for the suppression of fires in partial-g and
elgvated oxygen snvironments.

Examine approaches for recycling, reuse, transpord, removal, storage,
raduction and disposal of liguld and solid wastes. Abifity to convert crew
trash and waste into useful consumabies such as water ang methane fuel is

desired. Examing use of bioreactor

EVA Systams need technology dovelopment to better packaga PLSS
components for lunar surface missions. The Shuille EMU packaging mass is
120% of the component mass and the Constellation target is 20%. PLSS
components are expected to be heavier than Apollo components dus 1o
tonger mission durations. Technology development for packaging rmust

this activity at this tme

this activity at this time.

ETDR is not funding Unfundod

ETDP is not funding Unfurded

improve crew health and safaty
and increase Crew functionafity

Reducs fogistics mass
transportation requirements by
producing water, methane,
hydrogen and other consumables

Reducing PLSS mass raduces

Habitat, Small
Prassurizad Rover,
Orion, Lander

Habitat. Small
Pressurized Rover

Orion FY13
Altair FY13

Surface Systems

Fyi4

Surface Systemns

Eyi4

Highly Desirasle

Highly Desirable

rissions or eliminate consumables. They must also decrease the sensitivity

of thermal subsysterm components to water quatity, which will make them

more refiable. Lastly, development of the SWHME I3 necessary becauss it has

been already selected as the primary heat rejection tachnology for the lunar
stit

Fequiremeants. Improve crew EVA
safely, comfort and productivity

EVA-1 PLSS Packaging rclude both compenent layout to maximize suit center of gravity and the EVA Project Funded logistice mass b ?ﬂspoz1at<orw EVA Systems Fva Sys‘tems Critical
o : requirements and improves crew Fy13
abliity 10 perform funar maintenance of suil components: as welt as the EVA comfart ane praductivi
development of materials that can suppoert and provided structural protection ¥
for PLSS components. The banefils of this technclogy mvestment include
decreased maintenance costs and improved crew performance during lunar
missions
Reducing consumabies mass
Techriologies are needed to parform the functions of oxygen circulation, CO2 reduces togistics mass EVA Syslems
EVA-2 Suit Ventilation removal, trace contaminant removal and hurmidity control with minimat EVA Project Funded transpartation requirements EVA Systems FYy‘I 4 Critical
sonsumables o be replaced Improve crew EVA safety, comfort
and productivity.
The oxygen subsystem provides a pressurized oxygen environmant for the
crew member. The primary components of the oxygen subsystam afe an
oxygen tarnk and a reguistor. Additional system components could inciude Reducing dDxygen systam mass
quick disconnects and flex-hoses. Need oxygen supply technologias that will reduces lfogistics mass £VA Systems
EVA-3 Suit Oxygen Supply decregase on-back system mass, reduce pre-breathe time for crew members EVA Project Funded transportation requirements EVA Systems Evia i Critical
arud enable in-suil decompression sickness treatment. Need a bquid-oxygen irmprove crew EVA safety, comfort
based iife support system to significantly reduce mass. Need Hghtweight O2 and productivity.
tanks. Nead multi-sel point 02 regulator oplicns for pre-breathe protocols
and BCS remediation
The thermat subsystem performs the function of providing temperature
controt of the astronaut. in the current PLSS schematic, the thermat
subsystem consists of & single-phase water loop containing @ pump, an
evaparative tooling device and the Liquid Cooting and Ventilation Garment Reducing thermal system mass
(LCVG; that the astronaut wears. Need lechnoiogies for suit thermal controt and increasing fife reduces EVA Systems
EVA-4 Suit Thermal Control that will provide components that meet the longer life requiremerts for lunar EVA Project Funded logistics mass transporiation EVA Systems ) ’ Critfoad

FY13

Technology
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The Camenunications, Avionics and Informatics (CAL) system is responsibia
architecture network, avionics hardware to parform numerous functions, and
information systems that will provide crew members data to perform thelr

tasks more efficiently and safer. Technelogy developments wilf enable the

nesdad for suil operations.

far providing communication of several types of data between the suit and the

EVA Suit System to meet current {31 requirements and afso reduce crew lime

EVA Project

Funded

improve crew EVA safety and
productivity.

EVA Systems

EVA Bystems
FY13

Highly Desirable

Tachnology development is needed for suil matenals and pressure gamment
compenents that will enable tong duration lunar missions and be compatible
with suit port operations. Need fightwsight. durable, proteciive sut materials
Provide damage resistance and tolerance. Provide protection from MMOED,
radiation and solar events. Need flexibie aerogels or olner insulation for
axploration of lunar poles and operation during lunar noon.  Need materigis
or coatings or elecirastatic charging mechanisms that will prevent tust from
aticking to sulls and make them easier to clean. Need joint and seal designs
that are dust-resisiant. Need robility and comfort approaching shir sfeove
environment. Increased glove dexterity. More flexible and comfortable boots
for walking on pianetary surfaces

ETOR is not funding
this activity at this fime.

Partially
Funded

Increasing pressure garment life
reduces logistics mass
transportation requirements
Improve crew EVA safely, comfort
and progiuctivity

EVA Systems

EVA Systems
FY13

Criticat

Need tachnologies o enable the recovery of carbon dioxide and water from
EVA Portable e Support System (PLSS) squipment

ETDP is not funding
this activity at this lime.

Unfunded

Raduce logistics mass
transportation requirements by
closing PLSS ECLSS foop

EVA Systems

EVA Systems
Fyt3

Highly Desirable

Need minimum gas [oss systems that can depress and repress quickly arng
keep suits in suitlock or suilport for dust mitigation and not require a large
amount of power. Need systems that are dust sealing and ong fife. Need
hatches that are commean, reduced swing, pressure and non-pressure
asststed.

ETDP is not funding
this activity at this time

Unfunded

Improve crew EVA safety and
productivity.

EVA Systems, Habitat,
Small Pressurized

Rover, Possibly Lander

Adtair FY13
Surface Systems
Fyid
EVA Byatems
Fyi3

Critical

EVALS Suit CAt
EVA-S Suit Pressure Garment
) Recovery of VA CO2 and
EVA-7 H2O
Lightweight Efficient
EVA-§ Suitport/Suitlock/Airicck
Technologing

EVA-S Ragid-Recharge EVA Suit

In-Sitl-Resource Utiliz

Excavation and Handling of

Rapid recharge capability enables a shorter duration e support system
resulting in mass savings. Rapid recharge allows for unrestricted EVA
duration in extreme efvironments and anhantces safety in the cass of sult or
rover fatiures. Need efficient, dust proof connectors for ragid recharge and
airfock wse.

ETOP is not funding
this activity at this time.

Capability Is reqidred to provide regolith faedstock for oxygen exiraction
Architecture currently baselining production of 1000 kg of Q2/yr minimum
Need axcavation rates of <150 kgfhr at & depth of up 1o <12 om below the

Unfunded

kmprove crew EVA safety and
proguctivity,

Producing in-situ oxygen could

EVA Systems, Habitat,
Smali Pressurized
Rovar

Surface Systems
Fytd
EYA Systems
FYi13

Highly Desirable

exploration

N 3 . i reducs fogistics mass . n Surface Systems
1SRU-1 Regolith for Oxygen surface De?zre eperationat lifo of systems of 3 yg ars in temperalure range of ISRY Project Funded transportation regquirements and ISRU. Power Systems, FY14 Highly Desirable
12316 -BB € Need to understand reduced gravity effects and dust abrasion Habitat )
Production " y . demensirate tachnologies for Mars 1IGRY FY 16
and mitigation approaches. Fxcavation and regolith transfer concepts need
. . K axploration
to be developed in conjunction with available human robolic systems
piatfarms
- Praducing in-sit oxygen could
Need capability to produce a minimum of 1000 kg of oxygen and or 1000 kg radiuce logistics mass Surfane Systems
ISR Oxég; n;mdt \{VH;:B . Egract:$: : ' ?at@fg E)fe : y;ear 'Nfae.dm!c:hgmcesj(;:\:e: h:rno k?‘ii\;rofrz;? gez'f ?ggs;;eﬁa ISR Project Funded transportation requiremerits and 1SR, P;;:z:jystems, FYtq Highly Desirable
and Production from Regalith| operational fife of systems of three yez 1 tempe @ range : demonstrate technologies for Mars ISRU FY46

Technaology
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Excavation and Hangiing of

Need capability 1o clear landing area of hazerds {rocks, pits, etc), build
berms for prhaust plume of radiation shield production, cfear pattways and
araas for payload delivery and eutpost hardware emplacement, excavate for

Eriables proper construction of

Minimatty Intrusive Detection,

Need technologies for detecting damage and providing seif-repair and seif-
healitig, A need exists for materials and systems that increase sustainability,
provide supportability, enharice robustness as well as improve safety ang
reliabitity.

Supportability Project

Funded

exploration

Reduces craw risk and chance for

mission abort. Decreases logistics

nHass resupply ragquirements by
ncreasing system life.

Al Surface Systems

. hinar outpost. Minimizing potential Surface Systems
nuclzar reactor placement, slo. Need capability to excavate down to thres ETDP is not funding .
ISRU3 Regolith for Sife Preparation meters in depth and build berms up to three meters in height. Need to thig activity at this time Unfunded hazafds improves crew safety and | All Surface Systems FW_A Highty Desirable
] o . . - . misgion success. Demonstrate 1SRU FY15
provide regolith stabilization ar hardening technigues including technologias for Mars exgiorath
micrawavessolar sintering technologies. Desire opsrationat iife of systems of Gias 1o ploration.
three years in temparatura range of 12316 -88 C
Efficiency of volailes (hydrogen, carbon, nivegen, hetium} extraction from Pwdt:g‘fcgzﬂzx ?;a:g:z:wm Surface Systems
Prospecting for Minerals and regolith is based on regolith feedstock. Need capability to map regolith ETDP is not funding » fogistic ISRY, Power Systems, MRS By sle
15RU-4 7 . R L Unfunded iransportation requiremants ang FYi4 Desirabie
Volatites for ISRLF minerats over area near outpost production piant could increase ISRY this achivity at this time ) i Habitat g
roductivit uemonstrate technofogies for Mars ISRUFY16
pre ¥ exploration
Producing in-situ volatiies couid
‘ . Need capability o extract farge amounts of in-siu volatiles thydregen, - ) reduce logistics mass Surface Systoms
1GRU-S P:IC:;SU:‘E E);}::i!;zagﬁh carbon, ritrogen, helim). Desire operationat life of systems of three years in thlu_sr;.;\ji ﬂ:: Ii:ﬁ:r?e Unfunded transportation requirements and ISRY, Pﬁ:;z S‘;ysterns, FYt4 Desirable
oductia g ternparature range of 123t 88 C. e ’ demonstrate technologies for Mars A ISRUFY18

Buwface Systems
Eyi4

Highiy Desirable

Nesd technologies for the prevention, defectlon and mitigation of corrosion in
spaceport faciiities and ground support equipment, including refractory
concrete. Need technelogies which impleiment proteclive barriers as well as
conirolled release of corrosion inhibitors. Nesd reactive technologies, such
as the integration of corrosion detection into the pairt itself, which have
significant advantages over current Corrosion detection techriques

Supportabifity Project

Funded

Reduces life-cycle costs of ground
SUPPCT equipment

Ground Operattons

Ground Cparations
£Y03

Need lightweight portable capability to remotely inspect structures and to
rspect subsystems through insulation, shielding or structures. Examine a
varisty of advanced methods (e.g., Microwave Millimeter Scanning, Positron
Armihitation Imaging. Magneto-Optical ireaging, Broadband Dieledric
Speciroscepy). Need fo verify integrity of critical structures and insulation
Ligttwaight, fow power, portable NDE in-s#u inspection tools for damage.
leaks, thermal, siectrostatic charge, moisture and dust contamination are
needed

ETDP ig not funding
this activity at this time

Unfunded

Reduces crew risk and chance for

mission abort. Decieases logistics

mass resupply reguirements by
increasing system fifg

Alf Surface Systems

Surface Systems
FYt4

Highty Desirable

Anility to manufacture and repair hardware may be critical for lunar
sustainability and enabling for long-stays on Mars., Need capability to
rmandfacture a varisty of spars pants from extracted tres of transported raw
materials using Hghtweight, lower-power systems (e.9., low-voltage electron
beam fabrication methods)

ETDP is not funding
this activity at this time

Unfunided

Reducas craw risk and chance for

migsion abort. Decreases logistics

mass resupply requiremants by
increasing system fife.

Adl Surface Systams

Surface Systems
Fy14

Desirable

sup-1 Repair, and Self-Repair
i &
SUP-2 Corrosion Detection
LContro}
SUP-3 NonuDas}rucltx.-e Evaluation
Technigues
SUP-4 Free-Form Mgnufacturmg
Fechniques
SUP.5 Advancest Field Repair

Techniques

Technigues and lightweight tools are requirad to repair and replace habitat
system structures, mechanisms and efectronics on-sits with minimal training
of gxpertise. Systems will need to be spared and repaired on the surface
Replacement or repair will otour during trief EVA, or during fong robolic

ETDP is not funding
this activity at this time

caretaking pericds.

Unfunded

Reduces crew risk and chance for

mission abort. Detreases logistics

mass resupply requiremants by
increasing system life

At Suwrface Systems

Surface Systems
FYi4

Highly Desirabls

Technoiogy
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suP-8

Helium consumption
raduction technologies

Whael-on-Limb Mobifity

Technology development is desired in the areas of advanced sensors 1o
provide real-time purity analysis, caplure and re-purification systems which
san reduce total guantity of hetium needed to be procured, and altemative
purge technologles which can eliminate helium purging in centain systems

System improvements neaded for wheel-ondimb mobiity systems inciuding

ETDP s not funding
this activity at this time

Unfunded

Raducing helium consumption with
provide a minor reduction in life
cycle costs. It could reduce risk f
a hetum shortage were to aciually
QOCUr,.

Enable exploration over a variety of
terrain and seil, increasing science
return and reducing probabifity of

Ground Qperations

Ground Operations.

FYCs

Desirable

HRS1 tight weight, high-speed adantive suspension using modest power, a varisty Human Rebotic Fondad mission failure. Enable off-cading Habitat, Surface Surface Systemns Criticat
Systems of tool-Uge scenarios {e.q., picking up or drilling samples and putting in glove Systerns Project of payloads from talt landers and Mohility Fyi4 e
Box) and night driving. fool manipuiation, increasing
design flexibility and reducing EVA
reguirements
Enabie exploration over & variety of
temperature extremes, ncreasing
N . . sciance return and reducing
2 Nes I 3 400K alng tes £ o . i & Sy 3
g2 Whesls _for the Lunar eed lunar wheels with 10,000 km ere? 40K to 400 operating temperature, | ETDP is not fugdmg Unfunded probabsiity of tission falure Suriacs Mobbity Surface Systems Criticat
Environment and capable of carrving 100X own weight this activity at this time . Y14
Reduce system mass and increase
fife, thereby reducing logistics
mass transportalion reguirements
. . Allowing repeated autonomoys
@ L d bt
E Autornated Docking of Noed Capab'?lry o have rov S rewim to Altair or othier OUlpOS.f. o oking Si? on rHuman Robotic ; racharge cycies reduces EVA ) Surface Systems . .
HRS-3 and sutomaticaily dock, groviding & retiable recharge cycie. This capability is " . Funded ; Surface Moty " Highly Desirable
Rovers Systems Project requirements and mnoreases Fy14
raeded for service when crew are not present on the surface
sGfgnce return
£nable exploration over @ vanety of
. . . temperature extremes, increasing
li Tuinse t
Long-Life High-Performance Meed mechanisms suitable for long life in Vundr reggiith.’c!@ environment . science retum and reducing )
: " . Need to operata over 10,000 km within a period of 5 years Human Robotic o . . Surface Systems .
HRS-4 Drivetrain and Suspension - Funded probability of mission failure. Surfate Mability - Criticat
Nesd mechanisms that can trehsport heavy loads. Need Systems Project . ¥4
Systems ) R Reduce syatern mass and increasse
drive/steeringfsuspernsion units that can be easily serviced/replaced. .
fife, thereby reducing logistics
rrass transportation requirements.
. . Enables affioading of payioag - -
Automated Payicad N??d the abisty to deploy 2 - vioad from an Al bay 10 lhe‘ surfae of m a Huran Robotic . without the presence of crew, bur_fa;e MO?}'"W : Surface Bystems .
HRS-5 . waiting vehicle. Need the ability to offload payioads from vehicles at the final : Funded . Legistics, Scierce . Criticaf
Offloading use-site of ha payload Systems Project increasing design fexibifity and Payloads Fyia
P } reducing EVA reguiremsnis y
Sotar powered and RTG powered rovers ara Jow power systems, with top Allowing rapid repesled
N Envirenmentally Robust speeds on the order of 10-30 cis. Human mobility will need rates on the Human Robotic autonomous recharge cycies - . Surface Systems i
HRS-5 Electrical Docking for Rover order of 1-3 mfs. Recharging enables long iife. EVA speed and human- Systems Project Funded reduces EVA requiremernts ang Surface Mobility FyYtad Highty Desirabis
scaled rovers increases science return
Enable expioration over 8 varlety of
Apollo crew reported difficulty in mairtaining controf of the Lunar Roving terram, increasing science return
HRS-7 Lunar Rover Active Vehicle when driving at or above 10 kph. Applying moder, active Human Robotic Fundeds and reducing probahility of mission Surface Mobiity Surface Systems

Suspansion Systems

suspension conrol systems 1o the funar environment would expand range.
irmprove controllability and reduce crew fatigue

Systems Project

fature. Reduce crow fatigue,
thereby improving EVA

produchivity

FY14

Highly Desirable

Technology
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HRS-8

Advanced Craw
Accommodations for
Mounting Suited Subjacts

The seated posture of the Apolio Lunar Roving Vehicle was uncomforiable

and provided fimited viewing. A better inferface is neaded, with upright and

other postures being considered. Conneclions o rover data systems, sui
recharge systems and communication is aiso needed.

Human Robotic
Systems Project

Funded

Reduce craw fatigus, and improve
EVA productivity.

Surface Mobility

Surface Systems
Fyta

Desirable

HRS-&

High-Dexerity Robotic
Manipuiation Systems

Nead systems for remete maniptidation from pressurized rover or for
teleoperated rover that are lightweight and highly dexterous and can operate
in lunar dust environment

Human Robotic
Systems Project

Funded

Improve human saféely and stience
proguctivity through reduction in
EVA requirements. Incraase
system life, thereby reducing
logistics mass resupply
requireinents

Habitat, Surface
Mobility

Surface Systems
FYt4

Highiy Desirable

HRS5-10

Light Weight. Lowsr Power
Element Mating Mechanism

Neerd o berth or dock medule-toamedule and module-torover. Need high-
leved of automation, not requiring crew EVA. Need to oparate with low power
Needs dusttolerant seals and to maintain seal integrity over multiple cytles.

£TDP is not funding
this activity at this lime,

Unfurided

Improve human safety and
preguctivily through asutomation
and reduced EVA requirements

Reduce systern mass

Habitat, Surface
Mobility

Surface Systerms
FYi4

HigHly Desirable

CN-1

Common Lightweight
Interfaces for Payleads and
Surface Elements

Lunar Wireless Netwark

Commen lightwaight intefaces that could be used in many or all payioads are
desired. These interfaces would be used for aif eperations, from ground
handting, launch integration, payload handling on the lunar surface, through
final emplacement on the surface

Need system to support 15 simultaneous users with aggregaie bandwidth of
80 mbs at extended ranges to al least 5.6 km. Need ta support minimum data
rates of 18 kbs and maximum dats rates of 20 mbs Need to be able to corwart

conventional 1P stacks to SN stacks.

ETDP is not funding
this activity at this time

Space Operations
Mission Direclorate
funded
Additionad information
or: this funding is not
available.

Urifunded

Funded

Reduces mass of struchure,
aliowing increased payload to the
surface and/or enabling

improve situstional awareness and
communications, improving
operational efficiency.

Lander, Swurface
Mobitity

Communication
Systems, EVA
Systems, Surface
Mobility Systems

Altair FY13
Surface Systems
FYt4d

Cormunication
Systems FY'14
EVA Systems
FY13
Surface Systems
FY14

Desirabie

Highiy Desirable

Lunar Surface
Caommuniczation Radios

Need user network ragios to communicate with the LCT and LCS using the
same waveforms and protocels {form factor wilk differ between rover network
radio and astronaut suil radios). Newd o be able to support surfece needs.

Space Operations
Mission Direclorate
funden
Additional information
on this funding is not
available

Funded

fmprove situational awareness and
comnunications, IMpFroving
operational efficiency

Communication
Systems, EVA
Systems, Surface
Mability Systems

Communication
Systams FY14
EVA Systems
FY13
Surface Systems
Fyla

Desirabie

CN-3

Delayisruption Tolarant
Netwarkirg

Need detay and disruption toigrant networks to provide a network that can
operate in disrupted and intermittently connected networks and the tme
delays common bebwveen the Earth and the lunar surface

Space Operations
Mission Directorats
funded
Additional information
on this funding is not
avaifabie

Funded

Improve crew safely and mission
reliability. Improve situational
awareness and communications,
improving operationat efficiency.

Communication
Systems, EVA
Systems, Surfane
Mobitity Systems

Commupization
Jystems FY 14
EVA Systems

FY13

Surface Systems

FY14

Highty Diesirable

CN-4

Lightweight Atomic
Clock/Ultra Stable Oscittator

Need ion clock with perfermance of 10E~13 drift per day to support navigation
requiremanis.

Space Operations
Mission Directorate
funded
Additionat information
on this funding is nof
available.

Funded

improve situational awareness and
sommunications, improving
cperational efficlency

Communication
Systerns, EVA
Systems, Burfave
Mobifity Systems

Corrrsunication
Systems FY14
EVA Systems

Y13

Surface Systerms

FY14

Desirable

Techriology
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Need low-mass space-quatified MUOS radio for dissimifar voice and
Emergency Retum Mode communications. Need highly integrated, fow mass,

Space Operations
Mission Dirgotorate

inprove situational awareness and

Communication

Communication
Systems FYt4

; - ! ; s E
CN-8 g; urt::fe %:Z g gi‘:;; low power MUOS/UHF sub-system. Need dynamic Doppler compensation for A dmtmri?iiirmation Funded commiitications, Improving S‘S‘"yts!ems‘s E:A\ EVA;‘;;.;&:;ems Dasirable
. MUOS wavelorm using no information from CGrion. Need ability to transmit o this fung ding is not operational efficiency N:“z; EITSS u{ ace St .
non-spread GPSK waveform at UHF from LLO to the DSN neng is no eolity Dystems wriace Systems
available FYytd
Need to provide high data routing of 300 Mbps among the lunar assets, gzz;en%‘?zgg:f c ication (éomlmur\:c}::a—::\f:
between those assets and Earth. The first is to provide the necassary ' " € mmprove siuational awareness and ommumcai o ystems )
. X " funched Systams, EVA EVA Systems
ON-B High Data Router support for the orew and mission needs and for analysis of critical svanis. N . Fundati commuricalions, improving Desirable
. e . . Additional information ) Systems, Surface Fy13
The later Is to disseminate diecoverad information from the unar surface to on his funding is not cperational efficiency Mobility Systems Surface Syst
the public, to researchers and o mission cantrol g obility Syslems urtace Systems
avzilahble Fy14
. Attitude mairtenancs in LLO for fong periods of time will require developmant . . .
. ) = e ¢ il .
CN-7 Low Lunar Orbit Attty of new controf lechniouas which may require novel noninear controt FTDP. ' not fu.nd:ng Unfunded Margir.waﬂy Feduce prope aﬁt_mass Grion Orion FY13 Desirable
Control . this activity at this time. ard Improve mission reliahity.
methodologies
Need automated GN&C hardware and software system o provide crew with
integratad Cnboard GNAT migsion-preserving on-board operations during loss-of-communications ETDP is not funding . . " Orion Y13 Allair )
ONB Systém evenis. Also need automated GNE&C for all mission phases, including orbit, {this activity at this time Urtundad FmRrove mission refiabiity. Orian, Lander Fy13 Highty Desirable
landing and RPODU.
Managing IPsec keys and security poticies for the lunar phase will require . s .
3 f 'y .
CN-8 iPsec for Lurar technology advancements due io needs beyond those developed for m?::\ji ”Z; t;:ﬁaga {Unfunded é:iﬁ:ii:ﬁﬁi;ﬁ;ﬁﬁd Ccr;mﬁiamn {?Tmm;i;c; Desirable
tarrestrial and LEQ enviranments Y ) ’ " Y ysiems ysiems
Need o increase or-board tata ffow (e.g.. avionics and or crew 1o off-board
. . data) through rliable RF mrpmumcaljon capable of mitigating vehicle ETDP is not funding improve communications refiability Communication Orian FY#§ .
CN-10 Wireless Spacecraft intermal muitipath distortion white reducing overail mass due o spacecraft this activity at this lime Unfundad andt radice system mass Systems. Ori Communication Highty Desirable
cabling. Potentially allows jower vehicle mass through highly reduced ¥ ' > 3 ystems, Qrion Systems FY14
cabiing needs. Allows for spacecraft bus scalability.
Communication
improve situationsal awsreness and Communication Systems £Y14
. . A commen mixed signal technology is needed that can provide radiation- ETOPR is not funding L . ' Systams, EVA EWA Systems .
- " A . . . 4 "
CR-1% Mixed Signat Technofogy toigrant, fault-folerant operation atross all architecture efements this aclivity at this time. Unfunded Comm‘f?‘w 1ors, mevmg Systems, Surface Y13 Desirable
operational efficiency N
Mobility Systems Surface Systems
FY14
. A fow mass, space gualified, multi-funcional §-band Radio is desired that
2 & tuation: it . " —
Software D.Eﬂ?ed Radio for suppors multiple §-band frequencies and data rates, multiple C3 data ETOP is not funding rprove situational awareno'ss anil Communication Communication .
CN-12 Altair $-Bard o . . . . . Urfunded COMMTUECations, improving . Highly Desirable
. formatsiwaveforms, radiometric functions to provide rangefrange-rate.  and | s activity at this time o Systems Systems FY 14
Communications i operational efficiency
neoemal and reverse band operations
Capabiity is desired for non-iing-of-sight, low-frequency radios that exploit
g ) . ) b .
Surface Over-the-Horizon tha unigue suﬁgce slgfﬁqé propagation envircnment, comi x.ned with advanced ‘ Improve situstionat awarensss and - N ‘
S coded modulation techniques as well as non-powered opltical surdface relays, | ETDP is not funding . . Compunication Cossnunication .
CN-13 Commonications L o s ‘ - y Unfunded cemmunications, impoving Besirable
) o provide safety critical backup surface communications capability for remote] this activity at 1his time. , ) Systems Systems FYi4
Techniotogias . N R operational efficiency
surface exploration and when surface assets and orbiting satellites are notin
) ) view
Bandwidth:Communication Project
e o s o arae in i i o
- Bufrace SEla{-1 Q5 a F (£ . . — N n . o .
s ! N . h-B transrnission capacity for high- ommsurication {ommunication .
HRC-1 High-Bandwidth, Advanced Need ¢ ransmit at a gigabitfsec and recaive at ien megabits/isec. Need High-Bandwidih Funded pacty g ¢ ' Dosirable

Ogptical Communications

phaoton counting detectors at 1.5 micron wavetength, two-way ranging with
cantimeter class precision and clock synchronization.

Communication Project’

dafirrition video and other
applications

Systems

Systams FY14

Tachnology



